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EXECUTIVE SUMMARY
)" - '

'THE INSTITUTIONAL CONSERVATION PROGRAM: ITS PURPOSE AND GOALS
1 s . .

The Institutional Conservation Qrogram (ICP) is a voluntary grant program fo -
help nonprofit institutions--schools, hospitals, local gevernments, and public -
care facilities--saje energy. "For profit" institutions, unaccredited.
schools, buildings coRstructed after 1977, and special purpose units of local.
.government are not eligible to participate in the ICP. Authorized by * the
National Energy .Conservatiom Policy Act of 1978 .(NECPA) .and administered by -
. the Department-of Energy through State Energy~Dffices (SEOs), the ICP provides =
.o energy audits -and grants for detailed energy analyses and for installation of . s
energy-savings capital improvements to el igible institutions. Participation
in the grant phase of thé program requires a 50% match of funds from recipiegt
institutions (except in- hardship cases). Four funding -cycles have been
conducted between fiscal years 1979 -and 1982. More than $368 million has been
distributed. to institutions to help finarnce- conservation improvements; these
funds covered 15,130 buildings through 6,270 grants. "
! L A ) »

* Energy costs constitute significant portions' of these institutions’ operating
budgets. Accordingly, ICP assistance provides an impetus to nonprofit:
"institutions to take steps $§ conserve energy. Unlike businesses or
residential consumers, these institutjons pay no taxes and are thust ineligible

. aato apply for conservation tax credits. In addition, many nonprqfit -
insTitutions have difficulty flinancing capital improvements because they Rave
limited capital budgets’, uncertain income, and limited baorrowing capac itieg.

The ICP established two primary goals .and predicted that their achievement- and.
the concomitant pubh'ci?y afforded the Program would result in the attainment®
of other, secondary goals. The Program's primary goals were: , Y
o To help participating institutions saye energy 'and reduce
anticipated energy-related costs, and ‘\ -
e . To tronserve oil ‘and thereby reduce the nation’'s dependence
on imported fuels. , . - -

" Examples of secohdary goals ar;}sing frfm these were: =

.o The fostering. of energy-conservation  awareness, and ‘the o
st®nulation of energy-saving activitied on a .natjonal scale; . '

¢ The.advancement of energy-conéervation science by expanding

~ its technical base of knowledge and the expertise of its )
specialists; and - ’ .

P s

A - .

e M improved technical capacity for managing energy use in , .
institutional buildings. o : )

Has the ICP been successful in achieving its goals? The Departnient of Ene}gy
undertook an evaluation of a port#on of the Profram to determine the extent to
which these goals have been realized.

“vi -9
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AN EVALUATION OF THE ICP . = _ . -
» Background | - '» - L S

in October 1381, -the U.S. Department of Energy (DOE), contracted with Opporty- SN

~ nity Systems, Inc.  (0SI) and The Synectics Group, Inc. (TSG) to evaluate
Cycles I and II of the ICP. TS6's evaluation--the subject "of this
s - report--focused on site. visits to institutions that had completed ’
. ener y-s?v ing <apital .improvements before September, 30, 1981 and to a small ‘
sample Of. institutions that had undertaken energy audits but .no capital . 2
improvements. On the basis of ana]yses of institutional records, on-site /
assessmepts, and finterviews with Sta and 1institution adpinistrators, TS6
/- evaluated the implementation of the program and the i 5. of the ICP_and
estimated the energy savings achieved by pzf’ticipating institutions in its
sample. ) ) . |

-

" Evaluation Hethodélggl 5 / . a/

. 1 - ' | .
‘Working closely with DOE, OSI and TS6 designed and implemented the following
methodology for evaluating the program. This description is extremely brief:
the jeport contains methodolggica] details. . ' -

. ' /
o Selection of a-sample of 10 States and within. those States
selection of a sample of institutions parficfpating in
Program Cycles I and II.° , - -
- ‘ . T e . - y l ’ = ) .
v - @ Review-of grant applications for technical assistance and * r
t ~ energy-saving capital improvements. ’ N

X

(. ' e Selection of program-related data from interviews with .
personnel in SEOs and DOE Regional Offices, .telephone : .
interviews with ICP participants, and site visits to a L
.sample of institutions. . _ -

Y g :
e Synthesis and- analysis of the various data collected.’

1
-

I lopment of findings and conclusions' about achievement of.

Lo ICP goals.: !

] e . , 1 . »

> * * TSG took responsibility for the site-visit component of“the evaluation, while

. v pSI--via telephone interviews--pursued évaluation data on institutions that =~ .

undertook energy audits only (telephone interviews were conducted at 232 .

institutions in four states: Missouri, Florida, Utalf, and Rhode Island). The v

results of 0SI's investigation are prdsented in a separate document. . N

. 4 Site visits were conducted at 188 buildings in the 10-State sample. The site
) visit survey design‘was completed in a scientific manner to allow ap?ropriate
statistical analyses and projection of results to the national populatian of

Lycle I and II ECM grantees who had completed their grant-funded capital

- improvement projects before September 30, '1981- (1,012 grantees).

] i . &

. ' ‘ . ) . | Vi'i 1'0 N _ ’
. ‘ . ‘ .
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. The findings and conclusioRs for M grantees presented in this Execﬂt;ve
r Summary and in the attach rt are ‘based on- that unfverse of 1,012
inst{tuytions. Results from energy -audit- onfy site visits were not des1gned to

be projected nationally, and so are presented only as descriptive findings.

-

A BRIEF DESCRIPTIQN Dis:RDGRAM ADMINISTRATION.

P ‘ . - - . _
The ICP is adm1nn§te by DOE through the States. In orde’ to quatify for
' funding, the States had to prepare State plans that were approved by the
" Department. States had some latitude in, how they adminiStered. the Program,
but final selection of gran%s was made by DOE on the basis of State

recommendations .. - .
The ICP has been conducted in four phases: i : | .
1. Preliminary Energy Audits LPEZE}\ ;glggaprovided‘de§criptive >
} profxles of building cnareﬁégrlst1 S
- r

K - & 2. Ener Audits (EAs), wh1ch described the energy-use
: * ETfU%%?bn in g uilding, prescribed norcestlloaycost
conservatwon measures, and assessed whether the institution
would benefit from a more extensive .engineering analysis
{see 3, below]. ~ )
/ : . ! 0.-
¢ 3. 78 nica?,ﬂssistance Analyses TAs conducted by Tlicensed
- ' 'sionals (as specified in
State P]ans) recommended further low-cost. measures, if.
appropriate, and identified potential energy conservatxon
measures (see 4, below) for the building. . .

-

. 4, Enet Conservat1on Measures gECMs), wh1ch involved building
. mod1 1cat1ons instattation- »of 'capital-intensive ' :

improvements for the purpose of energy conservation.

PEAs and _FAs were fund& by the ICP. either with direct financial support or by »
. Providing a DOE-trained auditor tq the ingtitution. - TAs "and ECMs were
suppoxted by “DOE gran Institutiohs had to particigBte in each of these
- . phases sequentially (or comp]exe a non-ICP equ1va1entir1n order to be eligible
t, for thp next phase. Throughout the report the term RECM grantee” <s.used to
g;fegago an institution that had-tompleted a capwtal improvement (ECM) by fall,

.

' - Findings and conclusions about Progjam administratidn are presented in the
- following sections. Although administrative procedures may have an 1nf1usnce

on Program performance, the nature of the site visit sample does not allow the
correlation of energy savings, w1th program adm1n1strat10n Lo :/},',

L * -
. . .
.; : . ﬂ) .
o ‘ /.
{ . .
» . * .
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HAS THE ICP ACHIEVED ITS PRIMARY GOALS?-
The ICP“Helped Participating Institutions Save Substantial

EA Institutions Saved Limited Amounts of'Energy |

‘were Federal grant funds

years as predict

 "ECH grantees. is defined as Cycle I and II granteegy whose ECMs ™ were com'pleted

e . A - .”‘ '
A S, ix ,
o .. o -12-

Amounts of Energy and Reduce Their Energy Bills. N

. b S

Although the site visit evaluation did “hot look at EAs on a national scale,

- selected EA sites that were visited saved 6,620 million BTUs or 0.4% of their
~qpre-1CP consumption. Since the EA Yite visit sample rapresents less than .04z

of the total number of institutions that participated in the EA phase, it is
1ikely that total BTU savings by all EA participants is substantial. However,
site visit results suggest that potential savings were samewhat less than
projected for the following reasons. Audits often were viewed as a one time
comitment of .effort and ongoing energy.programs were not established. In
addition, many Tlocal governments" condutted EAs at all buildings in their

jurisdiction even if they wer€ unoccupied or used. very little energy.

Furthermore, in some cases program’ administrators did not review the EA
reports or realize they included spe\caific 0&M (operating and maintenance)
recommengations. Therefore,, savings mdy have been improved if more thaught
had "been given to the sites chosen for audit and if 0&M technigues had ‘heen
emphasized. _ o . . :

3

* ECM Grant‘.cees"'r Saved Enérgy'and Money,

and Projects Paid.Back Quickly ! .

' . - * ok '
' ECM grantees as .a& group savéd an’ average- of 13.2% of . their pre-ICP.
consumption. This represented a reduction in annual usage of an estimated.

5 17 trillion BfUs. " To achtewe those. savings ECM grantees invested

. approximately $71 million .in energy conservation improvements, 502 of which
~on the basis of a l0-year ECM life, the cost of-

saving one million BTUY was®$1.37; the &quivalent cost of phe Federal
contripution was $0.68 per million BTUs( =~ Not only were ECM projects found to
be <cost-effectig@®, but they also paid back more quickly than projections
indicated. Paybg

in ECM applications. ‘

It s/duld be pointed out that specific savings accruing to a particular ECM in
a,diven building cannot be ascertained. Dyring the period over which energy

.¢avings .of ECM grantees were calculated, institutions took other actions which

contributad to the energy reductions acitrieved. Without additional appropriate

.

instrunentation in graptee buildings it was impossible to separate out the

savings from ICP-funded projects from the total savings of all conservation
activities conducted there. ‘ Q : N
. » A ¢ . . , ’ - ) » ..

- <

‘.

as of September 30, 1981.

-

. **pased on statistical precision tests, the 90%,confidence 'h'mit{c. range from

9.3% to 17.1%.

ks averaged less than.two years, compared to more than four |
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Schools and Hosmtals Showed Differences in Energy" Perfomance

- -

An exq{nnatmn of lenergy sav‘mgs of . ECM' grantees by institut'ion type teveals.

,that hospitals saved”an average qf .36,360° BTU per square foot; compared to

723,660 BTU per square foot fer schools * Yet, schoels saved '’ approximately.
. 21.6% of their pre-ICP energy consumption, while hospitals saved an estimated

8.3%* -In terms of cost-efféctiveness, 'however, school‘ and hospitals were
fairly even, ‘$pending $14.45 and $12.50 respbctively in.ECM costs per ‘miilion
BTU saved.* These findings result from the fact that -hospitals ‘are more’ energy
intensive than. schools, and their energy usage is more.dynamic. In many
cdses, -hospitals- are expanding: or facing. ingreased ient loads. They ‘are

‘_'contlndal y adding medical equipment .that consumés large- amounts, of. energy '
(e.g., X-ray and laboratory equ*lpment), and they. have strict requiremgnts for
'climate control. (e.g., operating rooms, computer centers, diagnostic

equipment) in order to carry out their prime mission of providing healfh care.

Therefore, although hospitals may seek to reduce operating costs, energy\;

conservation may not be considered as important an objective as, for exemple
patient,,_cmfort the addition of new services, security, or convenience. By

contrast, energy consunption and costs are more visible ‘in schools and in.

_school budgets,.and are more easily controlled by administrators. In
addition, energy consunp . usually accounts for-a. larger percentage of

schoo!l budgets ;*8@nd

hospitals.  * = .

_Certa ’ ctors Can Dverride Attempts at Energy Conservetion

After the initial fieldwork period selected follow-up site visits to ECM

ticipating in the 'ICP revealed a number of ¥Yactors help account for
these increases. First, comp faeMl ities (e.g., hospitals] tend
coantinuously to add miss'lon-ori ed, energy- consunmg equipment- without

.gxgntees that experienced apparent %creases\in energg tconsumptlon since
a

ma1ptaming records; thjs .constantly shift'lng ‘energy ‘consumption makes it

1mposs1ble to, evaluate ECMs on the basis of total building.energy consumption.

" Second,. in most cases, individual metering” or {instrumentation was. not

installed at these facilities so. that ECM performance copld be measured.

" Finally, it was seen. that a lack of an effettive energy conservation program

directed from the hlg’hest management ‘level of an argapization can fail to
Rersonnel needed to. achiéve energy-saving

preventive maintenance, equipment f-lne-tuning, and energy saving hardware.

experimentation. The findings of this follow-up analysis confirm the. .
_ observations and findings (descr'lbed below) made n the basic evaluatlon .

4

4

*(p<. 05) - Based on,s;atlstlcal significance tests,, p<. 05~lndicates a

slgnif’icaot dlfferen'ce between the two percentaqes v e
& . ) . . -

B

is g rally easier to 'mst'ltute conservation measures .

; .}‘V.
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ECH Grantees Made Dramatic Reductions in Thejr Use Of 0i1 * -

’ K Y . .

" The.ICP's-ranking criteria for ECM applicatio!s-was designed to give priority
‘to.those measures  projected to save the greatest amounts ' of oil, and the
Program's ~0il~saving goa]-appear‘hto have” been realized: Grantees reduced
their oil usage by an estimated 11.77 trilliom BTUs .annually or 2,25 million -
barrels of oil éqﬁ%Valent. A-portion of this savings was due to the fact that
a large number of boilers were converted fwom Pi] go fatural gas. . . \ .

Y : ‘.' : ‘ / ‘..’ ’ * -
These tonversions resulted in -increased natural gas -consumption ‘of 8.78

. trillion BTUs. However, even when (this <ncrease is factored into the oi'l use

" - reduction ~a_ net " annual BTU savings of 2.99-trillion BTUs was achieved. .

B Copbined savinge of electrieity, Tiquified petroleumegas, coal, and purchased

steam tofaled 2,18 tri#llion BTUs. . - . 7 - -

!

L4

- “ertain Factors Maximized the Energ .
. < a ¢ . u ’ .;)
' « ‘ | - Y ) .

Thb!LCP'definiteiy resulted in energy, o?l,.énd‘doilar savings, but _ some .-
¢ institution personnel--either through good fortune, dedication, or- interested
“analysis-cused . ICP funds in a particularly cost-effective way to maximize

-  savings. Those - institutions that made the best use of diligent energy
managers-,  undertook atgurate and building~specific ener analyses and
installed - approptiatg ECMs, persevered in the °conduct of operating and
maintenance techniques, and fionitored energy usage showed overall greater _
savings. Findings relating to these factors -are discussed below. ,

-

[ ‘,f #o" * "’ .

] . . .. . e : "_ ' .
g " Commitment -of Personnel Maximizes savihgs
. . L i ' h . . " ‘ -8 "

-

0 e v (W

b \

While .investments in eneryy-conserving hardware save energy, the {CP
experience suggests that the commitment of persomnel, particularly igstitution
managers, is~critical'to,maximitjng energy sawings. Throuqhoqt'theSmaJuation
- 1t was seed that energy performdnce was related to the level of commitment of
T the’ desigmated ene manager. During. the, fields stvey, managers were rated-
. excellegt,'good, fair, or poor in terms df'thgjr“‘veréll‘1nvolvemenq/in energy
’ management . nstitutions rated excellent in this aree .experienced average
savings of 19.8%, compared to 9% for other” institutions (p<.05). This is a
strong indication that administratord who exercise leadership and are involved
k;:irectlx in conservation constityte-animportant element of successful. energy

.

programs. + Furthermore, the .pdsition of the tnergy manager within the
institution's organizational -structure- can have-an t on energy savings.

hen managers had daily contact with buildings’ qﬁgrgtfng.personnei,‘highér ;

. . ‘savings generally were achieved. .

. A . p ! . ﬁ‘. P - .'~_ - “.l . ‘ - ..# ] e ’ '\‘
. Thorough Analysis Of Erergy Conservation Needs Q' e
And Appropri e Selection Of Capital Improvements e, :
Are Critical To.Sucgessful-Energy Conservation Programs. — * %

o . LY . g . . N .
During site visits it was determined that the’quality and use, of energy'aud“ts
.and TA analyses varied among in;titufions. Primafi}y.-anagysgg‘often were fot
bufiding specific. One common pattern observed was "that a itors tended to

! Yecommend the -same O8Ms and EGMs for all butldings. The ovirall Fespilt wds
.o ) . ‘ P vﬁ : xi oy C i . % )
) L . YL ' U %
e e s e
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- guarantee ‘the implementation of -0&Ms
.. 1t tends to be due to the presence of an 'e’ffectiye energy: Manager.

o
* -
[ o . . : : . :
* ’ - - e »

that ‘whereas - recommendations were successful- in Some of the buildings, tke

same recommendations resulted in lower savings at other buildings.’ '
Secondly, EAs often did not sérve as 'eaucat'ional tools for” institutions. Mén.y

- respondents were unfamiliar with specific EA recommendations and potential ”

-energy savings were not realized._ = Ffurthermore, on- its own, the BA did not

ECM grantees. did not maintain their 0&Ms. Where long-term 0&M efforts exist

-

- ‘Similarly, TA reports eften did hot provide -the technical- details for a

camprehensive -energy conservation program. For example, only~42% Of the TAs

. ..reviewed recommended a full range of possible ECMs, and only 39% of them

« recommended OgM activities beyond those in the EA. This finding was further .
, he observation that TA"analysts often did not coordinatetfigir. .
weeseeeeeas of forts w“t}n institufion staff. _For such cases, energy savings were red wed

( by as much as 8 percentage points compared to other grantees.

supported by’

"ECM grantees made four types.of conservation improvements: (1) modifications ‘
to thé building enyelope "),(;g.., structural modifications to windows, doors,

roofs and walls); (2) improventents to mechanical systems (e.g., bgilers,
+pumps, HVAC systems); (3) changes {e.g., conversion from incandescent to
fluorescent Tlighting) or ‘reductions in 1lighting; and (4) insfallation of
special systems (e.g., solar-or alternative energy systems). Improvements to
mechanical'systems tended to be the most common types of ECMs undefﬁken.

Several factors affected(institutions' decisions about which ECMswtq, install,
In" addition to cost effectiveness, ECM selection was influenced by the
availability of matching funds, the degree to which the building's normal
operating schedule would be disrupted by the ECM installation process, the
degree to which the ECM might be affected by the institution’'s ongoing repair

v and maintenance schedule, and the degree to which the institution planned to

install the ECM with its gwn funds.

T :

# Effective and Continued Operations and Maintenance e

r ’

Programs Increased Energy Savings

Field survey teams observed that several ECH, rantees were not maintaining the °

0&M measures recommepded in their energy audits. This group saved an average
of 3.2% compared to an averafe- of 15.6% savings experieficed by grantees
observetl’ to be keeping up with the 08M measures recommended in their audits
" {p<.05). Institutions observed to be maintaining D&M measures beyond those
resulting from the energy audit experienced«15.9% average savings, compared to
an average savings of 7.7% for those who did not pursue .0&Ms: beyond the energy
audit (p<.05). This finding is further supported by the energy savings amd

" cost effectiveness of schools and hospitals when examined independently.

’ .
Effective Hﬁnitor’ing and Mv‘et‘erfng Increased En'ergy Savings

“Although thé EA, 'TA, and ECMs were intended callectively to facilitate reduc-
tions in epergy consumption, very few institutdons were found to have the

. administrative or mechanical capacity for systematically monitdring and

"/' " : Cxii ' 15; | o
, . r.' * . i ' . “ ." . /! ]

. . '

, as @videnced by the finding that 41% -of -

»
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. =" . controlling the m Eor factors that may cause“high consumption. 1In the cases .-

. where monthly, seasonal, or--more. often--annual monitering of consumption is . . .

~ performed, there does not seem to be an effective application of the resulting . e

: knowledge for the gurpose of reducing energy consumption. Whereas 47 percent '
A of the ECM sites reported same type of monitoring .activities, only 18 percent
- actually metered energy- performance. In other words, it is doubtful that
timely fnvestigation and correction of inefficieft hardware operation resplts

from -the: monitoring activities. N

PN

oA , , ) . e
The ECM grantees that maintained records énergy use and used thdse -records. -~ .
to measuse energy performance experienced gr?‘lgher levels of emergy savings than’
;. those that did not monitor. Data analys ows that grantees 'conducting
monitgring saved an average of 11.9% as opposed to 7.5% for those that did no

\ . monitor (p<.05).°
: : ‘ . ﬂ ' .
" ) ’ . T . v S

]
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; . WHAT SECONDARY GOALS WERE ATTAINED: .
The ICP Stimulated’

J&,;Venty-two perceni of the ECM gr&nteesrepprted-that,' they would not have =
dertaken their ECRW €rojecfs .within 5 years without ICP “funding. #his ¥

R

Energy-Saving Activitiés.] '

information indicates that the Program played a dominant role in the gavings
' -that were achieved. , . .
, . _ .
: Beyond the actual energy savings ‘achieved, it appears that the, ICP has-
Y  increased the awareness and interest of administrators in energy conservation.
o . for example, 58% of ECM grantees reported that they.had na energy conservation
program’ prior to ICP. How er, since particigating in the ICP, 45% of the
. ‘grantees had implemented nen-ICP funded projects and 65% had specific-energy _
- - conservation ‘projects planned for the fyture. Fifty-four percent of the EQM\, '
3 grantees showed evidence of enargy conservation awareness in the form of\/ "
’ reminder signs and posters throughout their buildings. . r

~ Interest And Expertise In Energy - : ’ - A ' .
. . Conservation Has Grown Considerably . . L o .
' , y | Koot ) E o
.SE0' personnel repor\ted that the benefits of the -ICP extended beyond ‘actual -
fuel savings, for participating institutions and included- increased training.

and support of . energy conservation specialists (engineers, aud}tors, and
monitors),.and generation of basic.data bases-An buj1 ing profiles 'and .energy

consumption.on a State-by-State basis. | < -~
, - |

In addition, several States have initiated energy conseryation progrﬁ}s a’s a
‘result of the ICP. Although designed around the ICP, these State programs may . S
include alternative funding mechanisms 'such as law-interest laans revq]ving
loans, and shared savings, as well as direct grants to fnstitutions. SE
staff gattr"lbt}te to ICP an dincreased interest in the potential for energy
savings in non-eligible facilities.- o .o ,

. -

1
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.WHAT WAS LEARNED ABOUT qﬁaGRAM ADMINISTRATION? - )y \ -
. . . . / / . .
"Interviews with person 1E'jn- the SEOs and witp.staff at partigipating
institutions provided tha tra dimension-of knowledge about implementation
- so’ valuable -to any Federally administered - program. The $States varied
| considerabTy in their administration of :the ICP--nothbly in ‘the areas af
» , methods for procuring-matching funds, collecting -baseline data on eligible
' participants, Teviewing appfications, developing energy audits, and conducting

r

‘ aud4$8r and -analyst -training--and thede variations complicated the evalumtion

. *

K . - effg . A synthesis of- the information gathered about Prégram administration
.can be.summarized in the followipg general findings: ST ‘
. - " . L. ’ X s ’
» > : ) . i . . . "v, [ P
.- The ICP Was Well Received and Attracted oo
Widespread Part?cipa{jon by Institutions. - £ o . .
\ v e g - : . ¢ — r

Throughout the administrative process interviews? $EO officials stated time
and again that the ICP was one of the best run ard mpst useful programs of its
~type, During Cycles I and II more than §5,000 EAs were conducted nationwide.
Inszﬁé 10 sample stdtes EAs of 27,00Q buildings-or 25% of eligible institution- - |
buildings were completed. About 5,300 TA grants covering 14,000 buildings and e
* .2,853 ECM grants covering.néarly 6,800 buildings were awarded padionally.  In :
the 10-State \wsample 779 ECM grants cover, 1,642 buildipgs were made.
- However , there 'weree?nre than twice .as ma ECM applicatiohs as could be
funded. Reasons cited by SEO personnel for high participation:rates. included
mandatory participgtion By State Departments® of : eduratign - and widespread

publicity and Program monitoring.

Barriers to Ipplementation Were Rewealed. .

+

| ) ) : :

/ SE} staff also cited -several factors that they perceived as barriers to >y
participation by institutiohs. The four major opes were: R ' .

) ® excessive paperwork:; o v
. e fear of Federal or State intrusion into opérqtions; A o e
. . 1agk of funds to meet the Program's 50% match requirement, - o
RN an o ,
o lack of financial incentives for local governmeht and public ‘
. care facilities. . - : ‘ .
f : i ‘ _ » - . - , .." ' ' =
- These' factors were confirmed as barriers in conversatiopns with dnstitution
. personnel ¢ : o . - ’
550 personne1 identified several concerns with Prﬁgram 1ﬁp1ementatiogifsuch as
th¢ inherent restrictiveness of all Federal program regulations, administra- .
tive inconsistencies in review procedures, recurring changes in Program ,
funding levels and regulations, and the often limited size of their own
staffs. These concerns were viewed largely as administrative detai1§, and SEO. _
personnel maintained that they had no- substantial impact upon Program results.
' s
l'n.. .‘ ) . ‘
: . s 17 -
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In October 1981, the U.S. Department of Energy (DOE) contracted with.

<. ‘ ' ¢ . A
L | : ‘1. . INTROBUCTION L P
Ty . .

N\

Opportunity Systems, Inc. (OSI)° and _ The Symectics 6&rpup, Inc. (TS6) to
-evaluate Cycles [ and II of lhe Institutional Conserwation Program (ICP). The
Program provides assistance and matching’ funds to help four types of

“non-profit institutions, reduce their energy comptgs?n. m():\i.,:he ibasﬁs 1:;
nts, and intgrviews with

analyses of, institutional reconds, on-Site asse
State and institution administrators, evaluators assessed the implementation

of the Program, thel impacts of the ICP and estimated the energy savings .

participatgg institut fons’ achieved. using data collected from Cycles I and II
Participants.
evaluation.

. wEo 'R
e

M « . A

THE INSTITUTIORAL GONSERVATION PROGRAM

The Institutional.Conservation Program (ICP) is a‘,\'ré'luht.ary grant program to

assTst nonprofit institutfons-~schools, hospitals, 1ocal governments', and
public care fac{lities--save energy. “For profit” institutions, unaccredited
schogls,, buildings constructed after 1977, and special-purpose units of local
government are not el igible to participate in_ the ICP. Authorized by the
Nat ional Energy Conservation Policy Act .of 1978 (NECPA) and adninistered by

DOE through . State Energy” Offices (SEOs) the ICP provides energy audits and

grants for -detailed energy _analyses (technical assistance)’ and for
ingtallation of energy savings Capital improvements to eligible institutions.
Participation in thg grant phase of the program generally requires a 50% match
of funds from recipient institutions. ‘The - initial- authorization for -the ICP

" was $965 million, although funds appropriated. by Congress have been

subsgantially less. -« “ . ¢

an-projit insEitutions use significhgt amounts of energy. 4nd these energy
costs represent large proportions of their operating budgets .~ Therefore, the
ICP was intended to provide incentives to nonprofit 1nst1tu,tio)s’to take steps

institutions pay no taxes, and are thus ineligible to
conservation tax predits. In addition, many nonprofit: fpstitutions have
mited capital

to conserve energy. Unlike businesses or residential :Z:umers. these -

difficulty financing capital improvements (because they have
budgets, uncertain income and Hmited!borréwing capacities. -

»

e

Y

This\ report :D.l.‘.Q.S?!!ﬁ....t.hﬁ..f?.".d%ms,j_qd conclusions of the ICP

apply for the



Funding was made avai

\'A . | ..', ‘ ",? © e

"While the primary goals of the ICQ are to sa\?é energy and reduce depsend_enc'e on
. imported fuels, additional benefits are expected, namely: reduced, energy costs

for participating iAstitutions, an improved technical -capacity for managing
energy &ge in- institutional buildipgs, and an enhamced level of expertise
regardéng energy cogservation among professionals. in related irpd‘hstrigs.

The ICP is administered by DOE through. the 50 Statss, the District of+
Columbia, Puerto Rico, Guam, the Yirgin Islands, and Anerican Samoa. In order
to qualify for funding, States had to prepare State plans which were-approved
by DOE. ' States had latitude in .how they administered ICP, but #inal selection:

. for grants was made by DOE based on &{tate.recommendations. Nevada was the

only State that .elected not to participate in the first two cycles of the
Program. ’ . . ' -
As required by.Program regulations, the ICP has been conducted in four phases:
(1) preliminary energy awdits (PEAs), (2) energy audits (EAs), (3) technical
assistance analyses STAs‘)', and (4) energy conservation ‘measures (ECMS).”
able, activities in all four phases. Institutitns
had to participate in each the phases:sequentially in order to be eligifble
to participate in succeeding ;.)Eases . .

~ , A

e Phase l: 'PEAs«Tﬁ préliminary energy audit ph&de involved
informat on-gathering that determined the size, functibnal
use, and energy consumption charaéteristics of eligible —
buildings. Eligible institutions completed general energy
profile.survey forms. '~ _,.“ - ,

o Phase 2:. EAs--Energy audits involved more detailed
information gathering on energy consumption characteristics.
They also identified Tlow-cost/no<cost energy-consery ing
operating . an mafntenance procedures (08Ms) and assessed
whether the institutions would benefit from technical
assistance grants. PEAs and EAs were funded by the program
either with direct financial support. or by providing a

‘ SEO-trained auditor to the institution. A

o Phase 3: ,TAs--The detailed technical assistance {TA)

analysis, which examines conservation opportunities fn
tail, is performed by a licensed engineer “or other -

ualified professional. Potential energy conservation
measures (see below) and their -associated costs are ,
identified and the most suitable are reconmended. The TA .
~also seeks out additifonal O0&Ms Jot identified in the EA .

phase.

»

" e
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e Phase 4:$ECM5-~In the fourth phase, energy conservation N
measures are installed in institutjonal buildings. ECMs are
defined by t?e ICP as any -physical modification or
jnstallation of equipment that reduces energy use and, that

involves, a payback peridd of more than ofe year. .Examplés .

_are HVAC system modificatjons- and equjpment replacements,

-insulation, .solar " systems, automatic trols, ‘etc. ~ DOE
funded. ECM& on a competitive -basis, according to several .-
factors, the most important’ being the period of time
required for tfe measure to pay for itself thfough energy ¢

" savings (the “payback period”)*, asadetermined by- the TA
analysis. . o ) * :
T 1y | L '

PROGRAM PARTICIPATION ! e e

... .Jable 1.1 summarizes the ICP activity for its first. cycles (fiscal year

1979-82). It W ‘the ' number of institutions covered, number of grants
awarded, and amouwnts of funding for each program phase. As Tablé 1.1
yndicates,. PEAs and EAs were funded only during the first two cycles.  Most

funds have been used for grants for ECMs. More than $378 million has been

distributed to institutions- to help finance conservatio? improvements. .

OTHER BACKGROUND INFORMATION
%ﬁ 'cont'ains more details on the Program's history, 1nc1udiin§
a

f

Appendy
- inform on project selegction criteria and the allocation of funding; the
regulatory history the Program; the Program res onsibilities of DOE, State
energy o© a

th

- events that 1 e ICP evaluation. | -t

: . : 4

ICP EVALUATION OBJECTIVES | | ‘ CER

" The ICP evaluation's four primary #Bjectives were to: _
‘- o Provide an assessment of Program ografions and an analysis
of Program results. o . '

‘9 Collect 1nform)ation to prepare -a report on ICP that -
quantifies and correlates field data, and that features case
~ histories, the extent of administrative success, and. other A
fO such anecdotal information, as -appropriate. “. e '
~ . : A ., .

*Ihe average simple payback in Cycle Y and II ECMs was projected to -
be about 4.5 years. T W .

-

-

ices, 4nstitutions; variations within the program; ‘and the |

A
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umeb 8y £636 Ccneomm, JIoaso,  UNDER BRC No, EFOI04000

"*ALTHOUGH PEA AND EA ACTIVITIES ARE STILL BEING CARRIED OUT IN Somg mnoxs,

- ' !

MONIES, DOE STOPPED UNDERWRITING THEM AT TME aasmﬂme oF CycLE LI,

- ®*GRANT ASS1STANCE FOR ECMS WAS ONLY AVAILABLE TO scms AND HOSPITALS DURING THE FIRST TWO GRMT CYCLES,

» -

. . “ . ) - . . , -, ‘ .l
. ‘TABLE 1.1 ICP GRANT CYCLE DATA ,
N Creee I - Cyeee 11 Cicte U1 4| * CveLe v
PEAEE | ~ o R ' N
HUMBER OF INSTITUTIONS COVERED.- PEA 117,000 . N L
dunssn OF. INSTITUTIONS COVERED - EA: BEE \ - |
ScHaoLs - ‘ ', i 53,460 - k&,*' \ . MO
HOSP#TALS ‘ \ . 30392 h;IMS ] . AHARDS
LOCAL GOVERNMENT R 5 880 . MADE MADE
. . » "o - .
PusLic mg' , 2,m N -
TOTAL ' ‘ ) 55;.150 -
" ACTUAL AWARDS ' . ., : .
ScHoOLS/HoSPITALS - $ 18,000,000 | - .$ 4,700,000 - -\
LOCAL GOVERNMENT/PUBLIC CARE §, 400,000 6,400,000
TOTAL COIBINED (PEA/EA) fxcm $ 24,400,000 $11, 100,000
IA , . R
SCHOOLS/HOSP1TALS ‘ . e :
NUMBERSOF GRANTS AWARDED 2,755 1,677 - YL,15 408
HUMBER OF BUILDINGS (OVERED 6,635 4,885 | 5,438 1.507.
\oeaL GOVERNMENT/PUBLIC CARE " ‘ e
NUMBER OF, GRANTS Amman LU 473 254 .N/A
NUMBER OF BUILDINGS vznen A 1,196 1,620 1,299 “N/A
GRANT Amount ($) . ‘ .
SCHSOLS/“OSPITALS- $ 20,947,372 $13,390 695 $11,085,063 $3,530,000
LocaL GOVERNMENT/PUBLIC CARE 3,061,973 3,029,741 1,968,029 , N/A
= $ 24,009,345 $16,720,436_| * $13,053,092 . $3,303,000
£CY
SchooLs/Hose1 TaLs ** . ‘
NUMBER OF GRANTS AWARDED . 1,308 ‘ 1,547 . 2.288 . LI
NUMBER OF BUILDINGS COVERED 2,580 | * 3,419 §,167 ' 3,004
GRANT AROUNT (8) L | $:90,316,515 $90.877,969 | $144,525,284 $43,300,690
. v B
N ' — “-3
SOURCES: " U, S, Dzwmim OF ENERGY. INSTITUTIONAL Conssmmoa Psosm Diviston, IIT(E X SUNSEY PROVISIONg. -
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‘e Provide a basis for develcping 8 guidebook for ‘future ICP RV :
participgnts As well as designers aod users:- of simﬂar C .
enerqy-ﬁc nservation _programs. T ) - B
S Provide "DOE eadquarters staff with feedback. on Program ) A -
o operations and’ su1ts o e s - .t

The eva]uation tasks that support these primary objectives and that were used ‘
tn evaluate varfous program ac%ivities are presented in Table 1. 2
\_..)'\‘
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S The chapters that fonow describe the eval uation -and its resul ts.

. Chapter -2 presents a br1~ef description of the methada'log;y N
< - and procedures used 1n the evaluation. . -
e Chapter 3 contains evaTuation conclus%ons and Hndings
obtained by means. of site: visit observ‘ations _and. data
analyses. . .

-\_4.

e The Appendices contain detai‘ls, on ﬁrogram history', and
~additional information about the evaluation methodology, the
survey instruments wsed oin the evaluatiop, assumptions

-~ underlying the. analysis, and a glossary of tems used in the oo ,
study . _ o
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- ' TABLE 1.2" “ICP PROGRAM AND EVALUATION ACTIVITIES . o . .
_ (‘ , e o . _ o~ . . . Y
_ S - . / . _ N e ., : .
¢ - - . . - " N o > . R
LY . . . D
Program Actitivies \ . ICP Evaluation Activities =~ ’ Meet Evaluation Odbjectives*
T i * .f LI ’ . ‘ '.'.\" . ‘ -:: * ¢
. L. Assist SEOs in developing asd . " 1: Interviewing SEO and Regions! ‘ Lw - :
-~ " implementing State phns A * officials, .. , » . .
IR N A T e " .
- . ' : ' : : M R
2. Conduct Ex dnprofit fnstites 24. Sempling, callecting, and ’ v nLn ’
tions to t?#?xe oparating and . "camputerizing” of detailed s ' - : .
maintenance <hanges to reduce’ information from EA forms in /o * . N '
ergy consumption, selected States. ' ry
] . . : '
I . ‘ " 2b.<Conducting telepibne 1n£erviews 1 .
. ‘ o with sampled EA institutions ' - " '
‘ ] ' ' B ‘ .. participating in Program Cycles ' o o ' . o
. o~ G . [ and I to determine changes in . s - .
P ' @ energy consumption resulting y '
S . ‘ ' : from EA activities. . . ) L
. L] ) ¢ i - '
s .. t ’ ° ‘ , . . RS '. . ‘ . - . "
. 1. . Provide TA” grants for detatied Ja. Performing.brief review of TA , 1, 111, 1v
- emineer‘l‘rq analyﬂs “of : : reports gonducted at' EA fastitu- - . .
, tions to compare the O8Ms. P v . -
- AppHcaMth nd completeness Lo recmended in TA and EA-reports. - _ .
. of 0&M measures recommended in - - - ' ]
- EA phase, | : - 3. Fs!*foming Geuﬂah mqineerino ' I, 111
- : ) analysis of. & sgmplé of TA
A - Potential for energy savings ° - reports from institutions receiving :
through use of snergy consenlatioa - ECH qﬂnts. ‘ , : ) S
. Measures. P _ . . .
-, . I 4 ‘ umdw.tinq site visits of ECH qnnt 1, 11 o .
S C : recipients to compare actual condi- \/ . ’
: . «  c. : tions to those recorded in the TA - -
ce o, 2 » FEports. ' : . -
v ‘ . ‘
’ : ' ) . - “ . 'y
. \,' ‘ o . S . K '
4, ;"ov ide ECM qrmts f.o implement 4a. Reviewing ECM grant applications 1, 111, 1y
consemaum easures: that will © - for technical quath #nd conformance N — :
. reduce engrgy Xonsumption at . to program regulations. - '
o participating institutions.
oo . o , 4b. Conductfnq site vigits -of completed ‘ 1, 11, 111, v | ,
' T . .~ ECM grants to detemmise perfomance - ) .
- . ) of measurbs funded. )
- . S . . ‘ . 'S o - . »
- . ‘ A - . - . : (. . . ' -
- -5. Dissetinate-and publiciza.the ¢ Sa. Ifterviewing State, Ragional, and - LI - ‘ .
'\ . engrgy conservation potential , HNeadgusrters officials to determing : ) v ,
. at nonprofit=institutions - techniqm used to publicize the Ice, . L .
ationwide; g . : e
. . .- - . Developi det 1ed guiddbeok on the I ) .., ..
., . : ' oo s c%m obiens rejated to . T N
AR o : T diffetent t of OAM measures, EMCs, % * . O .
- P S TA reviey edures, and rchteﬂ . L )
Lo yiministrative appros taken by ‘ e | <t
. .« o o SEOs anﬂ participati m:itutim | e et
B N s ' : i I R . K
' N gy .
y ' . . o , -~
T : ' , e ,' ' o ' ‘ ‘ i e ' . ‘ T
) 'Eu)uati Objectives ch L " e ea - ‘ : \/ » . . . -
- ‘L Assess\ progran operatim ad mqlts. .o v ,:‘ . S , \ . * - ' S
. - . suthm- quantitative data for qu!*sﬂ cf eaem..-uvfaqs. t\ R ' - ' . ' R "..__-,.
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.7 2. THEICPEVALUATION. - - .

. GVERVIEH OF T!E EVALUATION

3 .- - : .‘;‘

The ICP eva]uetion has five major method%log'lcala components:

~

. 1 Sample Se1ection--The‘surve methodology for smpling Stlte&
: I?mmites within those, States was désigned in=a

£1c manner so that results could be extrapolated to -
he ICP netiomdde‘! r the EA phase, and Cycle I and II ECM

grentees with completed projects as of September 30, 1981.

| ‘ However, 11m1tetions of the telephone survey efforts

ultimately restricted EA findings.

determine simﬂarities .and differences in Proqram
mmistmtion .

;’* 3. Evaluat'lon enF Data Collect'lon at Sgg!e S*lte's-,-ﬂate were

- ' “collec a nstitutional personnel interviewed at sites

. that had undergone experience With the EA phase of the: ch
and with the EA plus- ECM phasess - Information was gether

? both by telephone and through on-site visits.. .
T4, Anal sis of Date--InfometiOn on fuel use before end after

e was analyzed in cqajunction with obserPations made’

1n the field. A wide range of findipgs were sought on
edministretive procedires, institutional implementet on of

the program. and enérgy consunption regmts.

5. Report dritin --rne various kinds of quantitative and . |
' _qualitative data were used as the basis for preparing the

+ report and will be used in preparing the ICP guidebook
: \ . h‘ | .

&

..-\Af’ , ’

2. Examinegion of Admig‘istrative Procedur;s ~State energy
ces personnel 1n "selec ates wefre/ interviewed to




- 2 The remaindef ‘of this\Ehgpter presen;s a brief descrjption of - the foMowing’
e topics. L , , )

CLE ‘ "
‘

et The procedures mder&km to collect information an® data on

b -imp!mentatiun of the am at yarious study sites -

b : Q. The problems encountered 1n the cowse of the evaluation
" v _ The nature of the evaluation s, dat(ﬁe"’ -
Detnils of the methodol are prgseniea in Appendix B
The evafuation was broad1 diviqed 1nto two components telephone survey

work and site visit investigations. 0OSI had responsibﬂity for the telephone
survey, and TSG was responsible for the site visit evaluation. The primary

focus of this chapter, and of the.succeeding: findings and conclusions, is on
o § - .- the site-visit evaluation, conducted by TSG, The te ephone suryvey methodology
pry _and results are discussed in'a separate volume prépared by 0SI: Institut]ena'l
o Conservation Prram- ) Ana’l sis of the‘ Iact of the Energy Aud1 n Selec :

~ when 1t will to he1p the reader understand the flow of the eul uation. ¢

“ L4

| . M N
. /. L -

SAHPLE SELECTI@I

A sample of more than 2,000 {nstituﬂons in 10 States and 8 Federal Regions
was - selected using the statistical methodolog described briefly below (see

- Appand $x B for- details). t‘ This sampli é?s su jtted to. DOE/OMB for
e

~

approval. “ Approval of curren urvey jnstraments was
received in April 1982.- | | .

"In detemining the: ﬁnst'ltutions fron H\Tch data would be col'lected for. the ICP'

" evaluation. a -two-stage swlmg plan was develdped to maximize both cost

.- efficiency and statistical validity. It "was designed togyenable reliable
. 'generaHzatiws to b made about the Cycle-1 and It grant' recipients.and ECM

-projects completed by September 30, 1981, nationwide: In addition, the sample

structure allows acceptably' precise estimates of ICP's *lmpacts upon schaols

.and hospitals that proqressedﬁthrwgh the ECH phase.,

®

f_ ' ‘was rfom‘ed‘ in ‘two stages: first, Staies were . se‘lected second .
‘ sites thin tes were selected. Both’ are discussed in the sect{ons thatf
follow. ' : _ :
L I - , o 0 ’ ‘ ' ' ‘ .'. . R /
o '~State Selection o L PR o .“ .
¢ muse icp rant; are mmistered the State Leve! States were chosen as
© the Primary’ ng Unfts (PSUs) for data collection. After: congultation

with DOB t. was detemined that 10 States would provide the meximum nunber of

PSUs cempat1b1e with time a’fﬁ budget constra*lnts.. L
. = " . e ) f R '

o The smpan sethndo'!o"gy S | . ’._,' T T

&
R Nt
e -‘~

a\/'/’
!
y
a".‘
1 /
.
'-
-~
PS
i
L3
;AM,“‘&A,_,




. .
. : [
ahan . ‘ . R
: .
.

L %3

-

" The selection of States .\;as\ paptially-a function of the ACP populajdon’within
, each State. - This detemmination was made in order to maximize.coverage of. !
institution types and ECM ih¥tallations within the 10-Staje sampie. Thus five °
of the 54 States and Territories (New York, I1linois,’ Mi sotd, Oklahoma, and
Virginia) were chosen with certainty, as they céntained "the largest number of.
each of the five targét populations (the four institutional types/and -
*  completed ECM sités). . The remaining 49 PSUs were grouped into five strata of
approxfimately equal size and climhfic conditians. »One State was chosen from

each stratum with a probability of selection proportionate to the size of: the
. population of ICP participants. -These states are Utah, Rhode Island, Florida,

~
"

~ .

) Missouri, and New Mexfco. . - : | ,
- site Se‘zection : |
$ » . ) , , . - , C -
EA Sample : v 3

For details of the EA s mple design and_ selection refer to Institutfonal
Conservation Program: An is, of the Impact of the Energy Addi§ Tn Selected
e

Ins{itutions, prepared by Opportunity Systems, Inc.. ’

- [ ."
ECM Sample . " / § T o : o,
A The sampling t for-this phase was deffned as an ECM grantee with a Cycle I
or' II oM insta)letion ecompleted by. September 30, 1981. Telephone inquiries
: : of SEO¢ providfd an estimate-of approximately 1,000 such grantees nationwide,
' 400 off which fell within the 10 selected/States. In view of the relatively
L/ S ¥fsize of this ECM universe (DOE had originally proposed' a sampig of 1,000
g ECM grantees), it was decided to modify the -sampling scheme in -coﬂecting
‘baseline ECM Jnformation; background dadta would be collected from the 400 -
completed ECM Tnstallatfons within the 10-State sample. The sife visit sample

“dncluded 150 ECM grantees and 50 EA-only sites. ) . g
) !

Modification of the Site Visit Sgmple | e .

3 The original sample of 200 site visits was modified i‘y‘ respondent refusals to
. equal a 94% response rate of 188 buildings. The total sample of 188 site

’ visit buildings included 44 EA-only sites. and 144 ECM sites. Due.to sample
design and States’' definitions of "buildings,” multiple building of a complex
often were Ancluded in the sample. In many cases, on-si investigation
determined that central metering at the complex precluded the¢ identificatipn

of energy data for individual buﬂ?ﬁngs.— "Therefore, the 1 site visit
buildi ultimately accounted for 168 evajuation sites: 43 EAg#and 125 EUMs.

Several problems resulted -in a further reduction %f the ‘sample. - Although ,
every effort wdas made to ‘collect. complete and appropfiate energy data from
institutions during the site visite, it was not aiways possible to do. so. In
addition, &t some sites itf{was discovered that ECM {installations had been

complete for such a $hort time that adequatée comparison of base and latest
" year consumption data was pdt possible.- In a few larger school districts and

local government ngs, respondents :did, not have access to energy

consumption records that generally were kept by cept;rﬂ- accounting offices.

/ . g . | . v . - “ ‘ : .
\ : ' | 2.3 . <8 A
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?1na11y, data problems arising during analysis pfecluded the usé’of some sites
from the data base. Therefd?e, the final data base include 136 evaluation
sites {80% of the total sample): 24 EAs and 112 ECMs. ~ '

Because the EA data base includes only 24" institutions, no attempt is made to
project. the findings to a nationdl popplation. However, appropriate weighting
has been applied to ECM institutions; and. regults may be -projected to
represent all Cycle ¥ and I] ECM institutions with completed pnpjects as of
September 30, 1981, nationwide. : -

‘ .

+

PROCEDURES FOR GATHERING DATA _ . ’ n

~

Administrative Pifocess Interview

. Site Visits

An evaluation team visited the State: Energy Office (SEQ) in each of the 10
States to interview personnel about issues related to administration of the
ICP.- Background information, administrative histories, and opinions on
Program pérformance were 'solicited, with an emphasis on distinguishing

State-by-State variations. N
: : ,f‘:

Gathering Information on Study Sites - l

#/

While the administFative process interviews were/taking place, other team
members were microfilming data in the same 10 States. Using the sampling
plan, they recorded all documents (PEA, EA, and TA reports and ECM grant
applications) filed by the institutions in the sample. Data e)ements from the
microfilmed dqcuments were analyzed, coded, and -egtered into a computer data
base.+ In the process, mis;ing, incomplete, and/or obvipusly inaccurate
information was flagged. Those pieces- of data considered essential to the
evaluation, were pursued in later contacts with personnel from the
institutions. ' , _ : « ‘ '

4

Telephone Interviews '
* 1 : ..
A sambie of participantg in the EA phase of the ICP was ch ye.’ telephone
minterviews. An interview appointment was set dp in adv the most

appropriate staff members at ea jnstitution. Using OMB-approved

questionnaire, telephone interviewerS at 0SI sought” info tion on the results
of the Program (e.g., which 0&Ms were implemented, effects on energy

consumption, administrative procedures,” other conservation measures
undertaken), as well as other physical changes that may have affected edergy

. usage. At the same time, interviewers attempted to clarify data that were
. missing or otherwise unsqﬁgjifctory in the original EA report.

-~
\]

»

Site visits ueré scheduled for maximum efficiency and proximity among study

 sites. . Thus, although the EA and ECM site visits are discussed separately

below, the same study teams visited both, as geographically convenient. .

\

2-4
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TA Review | .

-~

Before all site visits, TSG's ehgineerinq staff analyzed the entire package of
documents relating to each institution to be visited._ The TA report underwent

special scri prior to ECM site visits (see below). The analysis prepared
the survey team for what.they should expect to see in the field; it also
provided- insight into the approach taken to the TA, as well'as the range of
ECMs originally suggested.

. ’
© EA Site visits - '~ , . -
. In order to &Ssess the appropriateness and effectiveness of reported O8Ms, a
“sample.of, 44 EA institutions selected for the evaluation was visited by s,ur*ey
teams to perform an on-site inspection. 1 - rsonnel were.
‘agministered the same questionnaire that was used in the telephdhelinterviews.
Y (The."site visit® institutions were not part of the “telephoned* sample.) . As
in the phone interviews, missing -or otherwise unsatisfactory. data were
pursued. Because of the more personal nature of the site visits,*a
significant amount of anecdotal information was preffered, data that are of
great utility in developing case studies, in -evaluating the results of the r
ICP, in providing qualitative information to support findings, and in

P4

producing the gyidebook. N
T ECM Site Visits = , - I
| In order to assess the appropriatedess, effectiveness, and ntenance of

reported 08Ms and installed ECMs, 150 of the pool of completed ECM $ites were
selected for site visits. The detailed design of the site visit sample was

" “finalized after- collection and preliminary analysis of baseline data. ECM .
institutions were stratified according tq size -(gross floor area), dollar cost

of project, and type of ECM. Cases were seldcted randomly within strata for
each subpopulation to produce a distribution across States and! institution

types whigh is proportionate to that described in Appendix B (see "Survey
Design®)./ The results of this selection process are displayed in Table 2.1.

On the ‘basis of sample selection design, ap,proximqtély half of the

. institutdons that completed Cycle I and II' ECMs in the 10 selected States were
J visited by survey .teams. -'Using an OMB-approved questionnaire, the team

members sought detailed information on each conservation measure implemented
and on long-term continuation of the. 0&Ms recommended 1in . previous program
phases, Particular attention was given to obtaining accurate pre- and
post-installation energy use data, Valuable anecdotal information on Program
operafionsvang energy conservation techniques also was tollected during these
site ¥isits. . s » ) . . ) :

Follow-Up Site Visits ¢ . | . ~
" » o
‘A11 ECM site visit 1nsti$tions that showed apparent increases in their energy
use since ECM installatioN were analyzed to determine the causes for increased
* consumption. Activities in this task included: review of both computerized
and raw field data for errors; analysis of existing data to determine if

N
~ - 1]




TABLE 2.1 SAMPLE

c\-

{

e

-~
-

siZ

Id

E FOR ECM AND EA SITE VISITS BY STATE

T -

« Original Nubbe} of .
' Buildings in | Number of Site 1 Number of Sites
Sample ~| Visit Buildings Visited? &
TOTAL  ECM Eg_ TOTAL ECM EA | IDTAL ECM A
Wissuri | 25 15 10 | 13 15 4 r.u_;’ 1w, 4
Cflorida_ . | 28 .. 199 | 2 _ 19 .9 % % 1579
Utah 1311 2 13 11 2 \L TR
Virginia 20 18 2 | 1 15 27 18 13 2
New Mexico |+ 26 20 6 26 20. 6 18 12 6
 Oklahoma ] 19 5 3 B 15 3w }1a- 3
Minnesota e ) 20 15 5 19 14 5 19 14 5. {ﬁ?
Rhode Island 19. 13 6 19 13 6 15 10 5
New York 7 -5 2 75 2 7 5 2
inois 24 18 6 22. 17 5 22 17 5
. TOTALS 200 v150 50 188 144 44 | 168 125, 43
NOTES

the difference in the original sfte visit sample and the number ef site visits

is as follows:

Y Miséouri - 1 EA site refused‘the visit

»

s+ 5 EA sites were recommended after all other site visits in

the State were completed ~ ‘
e Virginia - 3 ECM sites refused the visit \
o Oklahoma - 1 ECM sjite was dropped from sample due to incomplete project

————— & AL

¢ @ Minhéﬁbta-iimECM sife was-cancé11ed due fﬁmﬁéifhéf

r

e I11inois - 1 ECM site and-1 EA site refused the visit

. 0N

t . V4 . *
2The difference between the number of site visit buildings and actual site visits
where more than one building of a complex is included-in the

is as follows:

sample, but fuel

[y

/

nsumption metering was provided only for a complex;, the number
of .buildings was_tounted.as 1 site. o



| 1hcéeases 'usre due-to changes in weather, iﬁstituti’dn square footage_,' building
f utilizationy and/or metering; visits\ to selected institutions to verify
initial analysis and identify internal technical factors that tould  have

contributed fo increases; evaluation of the data; -and jdentification of the

actions necessary to improve ECM operations and performance.. Figure 2.1

"presents the analytical procedure used for inst_itutibns with apparent. _"'

increases in energy usage. “Se.

This. éna“‘I{sis resulted in selection of f1ve,.E.CM3§1t,es for return visits.
Three of these were hospitals, one was an 311 el

+ . remaining one was a chemistry building on a university campus. -
. ' . ¥

The 'follow-up site visits allowed approximately two days at eachinstitution.

for the evaluation team's engineer to fully exb‘lp(ge the energy systems and

reassess the accuracy of the ehergy data previously used for determining the
.. resulty of ICP participation by the subject institugion. R

—

—

] _ \ , ‘ .
FIGURE 2.1 ANALYTICAL PROCEDURE FOR INSTITUTIONS
. = WITH INCREASED ENERGY USABE '

SN

Novigw Srlibion s

ctric high school and the |



One major purpose of the return visits was to detemine whether thore were

specifig installation, technical wor rndndqnmenfqunrdf1nn£j,,j 1ons  for
the less-than-expected enerqgy consumption results %uh;pﬂﬁbnr o othe ilNtalla-
tion ot ECM's at the selected sites. -~ ) \

/
A secondary proJﬁct of the return visits was ;/ﬁgaiify rontrol cherk on the
findings of all site visits performed duri®y ¢he [UP evaluatron.  The degrpe
of change in overall findings, at this small sample of tac lities ) batween fan
extended follow-up visit and a relatively short anitial visit provides sgme
level of confidence in the adegquacy of the shorter vistts ag an eyvaluation
method for the total of all sites visited.

]

ANALYSIS

" Three types of data have been identified for evaluating the performance of [LP
participants. First, quantitative data on fuel concumption identifies the

savings of electricity, natural gas, oil, and other fuels that were achieved
throughout participation. Second, data on buildimg rharacteristics,
administrative procedures, on-site observations by survey feams, and resylts
of the TA review were iscluded in the computerized data hase for the purpose
of cross-correlation with the fuel consumption ddata.

Third, ancedotal informatinon 17 ess 1al to case
studies and technjical quidance reports, and has bdeen nsed *fo amplify and
interpret evaluation results., ’

The analysis consisted of the fgtlowind principal gracatygres:
® Raw energy data were processed for each site T®ng VISICALC

software; this produced BTU totals by onerqy type for the
base year and latest year.

s Jotals for the raw energy data, aiong with haylding
chdaracteristics and administrative and tofhpical finld F \
nbservations, were coded for entry into the Statint ird]

Analysis System (SAS) software. ’

o SAS was used as the primary analytic tool. Threo iinds of

SAS programs were used for various parts aof the analysis:

- Frequeﬁcy distributfon, which displays the number and

. range of values for each variable’ ( (‘

- Univariate analysis, which calculates sums, means, and
other statistical features for each variable

- Correlation analysis, which is used to calaulate and test
the significance ofrrelatinnghipg hatweeh twn varitahles,
using linear regressign. '

¢ The three SAS programs were used to produce andl;ues of the
following types: \
| 4 -
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- Energy and cost savings for the en!;re'data base;

- Correlation between ECM cost, institution size, and
energy and cpst’savings;

- Energy and cost savings comparisons between various
) . subgroups within the data base, including:

ECM recipients and EA participants;

=~ . Schools and hospitals;

A "\ '

Groups based dn questionnaire -responses - {e.§.,
respondents ,answering "yes® or “no’ fto individual,

YJuestions). , .

Types ,of ECMs;

. »
These analyses were conditioned by the following factors:

/o . -
» . o Weighting factors designed to amplyfy results to represent ,
S ' the original sampling.universe of Cycle [ and Il grantees;

( -t (see Appepdix B, “Sample Design"); !

e Probability faﬁtors which determine the significance of ~
correlations between two varvables;

¢ Tests used to assess the significance of comparisons between
subgroups such as ECMs/EAs, schools/hospitals, questionnaire

responses, etc.

7

[Figqure 2.2 shows -the evaluation plan schematically. ."Please refer to Appendix -
)B for details of the evaluation methodology. 5“ .

/ ‘ St
PRACTICAL PROBLEMS WITH EVALUATION IMPLEMENTATION ~

\

Certain circunstances had a bearing on the overall formulation aRd conduct of
the ICP evaluatien. Many of these problems arose from the wide v riation of -
program administration at both the state and institution levels, { Yequired
some minor modification of evaluation strategies on a site-by-site Dasds as

. work progressed. Generally, however, these problems had no significant impact
upon evaluation results. ‘

Problems associated with the overall foemulation of the ICP evaluation
included: :

* . ’ ’

e Preliminary evaluation planning during‘early 1981 determined
that the ICP schedule and the length of time required to
implement ECMs- made evaluation of all cycles of the ICP
impractical, since only 20% of funded ECMs had been
completed by the start of thé evaluation-in October 1981.
In addition, the majority of completed ECMs were those which
had been funded during Cygles I and II. Thus, evaluators
were instructed to look at only Program Cycles I and II.

¥
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FIGURE 2.2 SCHEMATIC DIAGRAM OF THE EVALUATION . -
RE

SAMPLING PLAN
Chose State

Picked a random sample of EA institutions
Sampled all complete ECM institutions

F] f
10 State ( Simuyltaneous micro-
Administrative ., Ifiiming of data from
Process Interviews selected institution

in each State

ATl EA & TA reports and ECH granﬁ appiications
collected for every institution in sample ~—~__

ik\ggase only (n = 1954) N\ ECH phase (n = 364)]
I / \ / ECHA Site \ I
. « Visit Subsample
Visit Sub- : . ’
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5 le :
)W L L EQUS
= 1904) 50) : and
Adm1n1stered : Adm1n1stered : ——
A0S on telephone EAQS at : EAQS
Site Visit + at Site Visit

|
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]

Data files augmented with information

gained via survey instruments.
l Data automated and analyzed. N\
NE——— - . *
Subanalysis ‘ ) :
of sites that {
showed appar-
, ent increases Findings Presented

in energy usa- . in
age Final Report and Guxdebook
EAOS = Energy Audit Output Survey .
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® Records of energy consumption were incomplete and/or
unavailable -at certain types of institutions (e.g., public
schools, small facilities). ’

o It was often impossible to isolate energy. consumptiony ]
patterns at a sirgle building that was part of a centralized
ener?y system for a larger campus or complex. However, this"
problem was mitigated during the fina] weighting of.the site

. visit <$ample, and therefore, has no impact on evaluation = -
. results, ‘ | s,

» The nature of “energy consuming -systems and energy

" conservatiop measures at many institutions makes it :
generally impossible to associate specific 0&Ms or ECMs with ~ T
definite increments of energy savings. As a result, the -
evaluation has- had to focus on general canservation
performance by participating institutions. -

s In the case of certaill fue'i types (especially fuel oil},
purchases -are on a seasonal or irregular (as-needed) basis,

“ . causing problems in breaking down fuel consumption to a
monthly pattern. . ' : :

., 8 Personne} at institutions that participated only in the EA ’
“phase often evidenced lack of inferest in and a limited
memory abouy Program events, '

e Some Site visits to schools occurred during vacation months
“when buildings were not in use, causing difficulties - in
checking- on 0&M 1implementation and ECM operating
effec)tiveness,. ‘ o ‘ '\

. o States did not use uniform EA or TA formats, and some States
- used EA checklist formats that do not lend themselves to
. analysis or field inspection. - .

e The original design of the ICP makes selection of an fideal
control group impossible, As-a result, no contro] group is
available to use in comparing energy consumption™Qatterns »
between participating and non-participating institytions.  ~
However, a review of existing data on institutional/ energy | '
conservation, including various SEO evaluations of ‘the ICP '
(comparing energ performangce of participants and
non-participants within States) provides an opportunity to
examine energy use trends and to compare the effectiveness
of ICP with these trends. -

" Other problems,were spec,if.;l#_...ﬁ,o. .the.,-.site,,vi,sits.:._".,’-’. e -

e . Inemany cases, site visit' tfme-had to be. spent clarifying ..~ '
fuel consumption data. * '

Y
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- In about 20 percent of the site visits the res ondents
had not 'yet prepared the requested energy data but agreed *

to do so and mail it. In a few cases, respondents were

able, during the visit, to provide data in a format from
which evaluators felt they could obtawn the necessary

information.

« Another 25 percent of the vxsits required time with the
respondent to resolve one or more areas of apparent
discrepancy in the data, such as the units..in which a

. fuel was reported, or the reason why use of a certain
type of fuel was initiated or terminated during the

“ course of the data period.

- In a few.cases, site visit time was used to sort through

and copy data frof a collection of utility bills or fuel
delivery invoices that had not been organized or reviewed

" by the - respondents. $enera11y, such records lacked
important information, or it could not be determined
reliably that all the data were present, particularly
where fuel deliveries were made on an irregular basis.

bften considerable site' visjt time had to be" spent
1dent1fyinq changes in utiTizatidn, floor 'space, or energy-

using equipmedt that might have occurred since the base-year -
period of energy data,

- Hospitals were especially difficult to assess in this

,(/regard because ongoing modernization changes - frequently

.involved the relocation of equipment into new SpaCES, as
well ‘as the replacement (or addition) of more
energy-intensive equipment. The djrect change in energy

consumpt ion is seldom documented and- the indirect effects

on heating or cooling are not measured. - Therefore, due
to 'their dynamic utilizatjon patterns, 'many hosp?ta1s

show- changes in energy use that is-not evaluated easi]y

At sane institutions, the staff had changed since ICP

’participation begams, and  information on implementation.
‘dates, building modificatmn;, and energy thanges was for
that reason unpobtainable.. ,

agcurate basis for alloceting e y use ‘to specific
buildings where central meteri and/or a central
heatfng/coo&ing plant was employéd.

Another frequently encountered diffizglfy was determinf' an,
g

-

-* «ip cases where both the square footage Of the specific
building ‘as well as the area of the total metered complex

"""" "Wad changed, it was sometimed not possible to be certain -

of the prorating method ; applied by the b?igiqg. energy
auditor and, therefore, it was difficult to “apply an
equivalent method to later data.: In. addition, many

-
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institutions ‘simpl{ havé not had a previous need to
measure their buildings or_ maintain documentation as

renovations, changes', additions, closings; .etc..- Have

occurred. . . N R . ,
.~ Few individual ECMs ,can be validated : for ‘t,ii’éi;: _specific e
v energy savind contribution because of the Tack of energy
: consumption - monitoring - preceding and  following -
implementation’ . I N

- The likelihood of confirming the accuracy of projected . -
. results from. particular ECMs decldnes as facility
. complexity increases. Even in'rare situations where onl
one ECM was installed, a2 lack of contfol over "all other .
varéablds ‘(or at least the documentation of _concurrent -
changes in these variables) makes verifiable results of -
the ECM-difficult. In facilities where usage and
"equipment are constantly changing (and hospitalg are
. particularly dynamic in this regard), energy consumpt ion
patterns are continually in flux. In‘such cases, it s .
-frequently impossible to' seéparate out the effects of

specific consefvation activities. . .

¢ “Changes in building use interact with ‘energy coqs’ervati'on, \
and true results are virtually impossible to gwuantify® Forg
example, implementing energy conservapion measures in .a -

schogl gymnasium that also make it more attractive or

. comfortable may résult in more use.of thé gymnasium, thereby
increasing its overall energy- consumption. P

~ : ,
CHARACTERIZING THE DATA BASE

[

* Definition of the Evaluation Population o

L T & ‘ . : .
“. This evaluation is based oM a sample of ICP participants from Cycles I and II.
The sample includes: o . .

e A sdmpl'e o% E(::M grantees whose projects were completed by
9/30/81. » )

o A sample of selected EA-only participants.

- e e

In the ev‘a!uation‘s analytic process, the ECM grantee sample was weighted to
-represent the national total of 1,012 Cycle I and. 1l grantees whose projects .
were chmpleted.as of 9/30/81. Usually there is a one year time perjod between
grant award and ECM completion. For schools, this "lag" time ,15,9321 ained by
the. fact that any constnuction and equipment instaltation geNerally fis

.scheduled to take _rg;lac,e,in summer when schools &re not in session. Therefors.
he number of ECMs compTeted when evaluation activities began was 1,012, .

Compared to the total of 2,853 ECM grants awarded during the first two Program .
Cycles. To maintain clarity in reviewing the evaluation findings, the

following considerations should be kept in minY: 3
4 - — -
I | 38
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o The term “ECM grantees® in the report means CycTé/I and II
grantees whose ECM projects were completed as of 9/30/81,

- number 1,012. - S

e Total Cycle I and II grantees numb#r 2,853; hence the
evalyation is based on 35% of all Cycle I and, Il grantees.

s Total ECM érantée§_in Cycles I through IV number 6,270;
hence the evaluation is based on 16%. of all ECM grantees to
date. .

Elements of the Data Base

-

As mentioned earlief; .the ECM sample was stratified by institutioh type,
institution size, project cost, and types of ECMs, This ECM site visit

sample, comprised of 125 institutions (adjusted for multiple buildings), .

included 106 schools (48 elementary, 44 secondary, and 14 colleges/univer-
sities) and 19° hospitals. Included in the data base are 96 schools (42
elementary, 41 secondary and t3‘to]]eges/universities{, and 16 hospitals.
Institution size’ ranged from 6,162 sq. ft., to 1,365,175 sq. ft., with a
median value of 56,245 sq. ft., and project cost varied from $720 to $775,000,
with medjan value "of $28,222. The impacts of these factors on energy
performance are discussed in Chapter 3. Finally, the ECM sample includes the
range and cgmbination -of ECM types, which were categorized as building
envelgope modifications,emechanical changes, lighting modifications, and
special systems ECMs. . [Special systems  include solar systems and otheg,
rengwable fuels, as well as modifications to energy using systems such as
swimming pools, laundries, and kitchens.]. Discussions of these systems are
found later in the "Findings” and "Case Studies" sections of Chapter 3.

The EA sample was stratified only by institution type; it was coﬂﬁdsed of 11
schools (4 elementary, 4 secondary, and 3 colleges/universjties), 3 hospitals,

.6 local \government buildings, and 4 public care facilities.

As mentioned above, no attempts pave been made to project the findings of the
EA site visit survey to a larger population. Rather, analysis of EA sites has

been conducted separately, and findings have been used to illustrate ¢the ICP )

experience at selected sites. .

-~

Site Visit Respondents o : -

’

In smaller school d%stricts and partjﬁular]y in the more rural areas, the most

frequently . encountered respondent was the school system's superintendent.
Most of these administrators were able to handle the discussions by themselves

but occasionally called upon other members of their staff, most often their

facilities director, financial director, or chief maintenance supervisor. In.

many cases, the superintendent had personally prepared the documentation,
during the ICP process and was also reasonably familiar with the technical
aspects of the buildings ‘involved. In some cases, his office.was either
within one of . the school buiTdings or at "Teast nearby in a support services
building so that he had essentially daily contact with the facility and an
opportunity to observe its patterns of use on a regular basis. o,

-~
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In larger {generally urban) school.systéms the respondent was more'likeli to -
be the director of facilities and occasionally had invited the TA analyst tp
attend ~long with this maintenance supervisor. _During the walkthrough < -

o \\ﬁnspecté%ns“ the respondent usually acted as the main guide but sometimes
deferred to the building’s key occupant such as the school principal.

In hospital‘site visits the main respondent was nearly always the facility’s
maintenance director. Also, he usually conducted the walkthrough with help
from his staff if required on specific subjects. ‘ C-
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Energy Data Definitions -

I <
In general, the energy usage, energy savings, cost-
effectiveness, and payback data in this report are based on
recorded .changes in energy usage at site visit facilities.
| These data have not ‘been corrected for variations 1in
weather condttions or other factors, such as minor changes
in building operatign or equipment, due to a lack of the
detailed building data needed to establish accurate correc-
tion equations for each study site, In selected cases,
howdver , weather correction is applied to help %evaluate the

performance of individual ipstitutions. : )

nerally, energy data are calculated by using the 11,600

U conversion factor for electricity (the average number
f BTUs expended at the génerating plant that ultimately
roduces- and transmits a kilowatt hour (kWh) of energy as
metered at the user's facility). Therefore, this
conversion method reflects the BTU requirements for overall
production and transmission of electricity, rather than the
8TU consumption of an individual facility. However, 1in
specific cases, ‘when the' performance of ihdividaual

institutions are discussed, energy savings are calculated | '

on the basis-of a kwWh valued at 3,413 BTU, which reflects
the metered kilowatt hour of electricity used by a
facility. . .o

. ‘ . .
The data results in the report are also subject to
precision 1imits because of the weifhting methods used for
the analysis. In summary, then, data should be viewed with
1 allowance for variations-due to: o

e \Weather conditions.

¢ Chdnges in building operation and equipment.
® BTU conversion methads. . '

o Statistical precision 1imits.

’
< ”

Based on data available, these factors do not significantly
change the quantitative findings in the report.
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'CHAPTER 3. FINDINGS AND CONCLUSIONS B
PROGRAN GOALS o - -
" The ICP established two primary godls and 'predicted that their achievement and
. the concomitant publicity affordp the Program would result in the attainment.

of other, secondary, goals? The Program’s primary ‘goals are: s : .
. ' » To help participating institutdons sav:e energy and re‘ducé'
\ energy-related costs. TR

e To conserve oil and thereby reduce the nation's dependence

on imported fuels. > » _

> Examples of secondary goals arising Sfrom these are: .

#

. . o The fostering of .enemy-;onseﬁatim awareness, and the
st imulation of energy-saving activities on a natfonal scale.-

A

"o The advancement of energy conservation science: ~by ‘expand-»-
ing its technical base of knowledge and the expertise of its ®
specialists. ‘ S . _ .

8 An improved technical capacity for managing emergy use in
- institutional buildings. ' ,

. Has the ICP been successful in achieving its goals? The findings and
conclusipns presented 4n *this chapter determine the extent to which -these
goals have been realized. The discussion is presented . in the following

e ) format: .
o e How Well Hathe {CP Been Administered?
o Has the ICP Achieved its Primary Goals?

o What Secondary Goals Have Byen Attained?
- | | ' - L ~

REVIEW OF FACTORS INFLUENCING RESULTS

The findings and conclusjons$ of this evaluation must be vtewed in tht%:f

certain predetermined * factors, distussed in more.detail elsewhere In tRis
report, that may have an effect on results: :

-— . e The ICASunding formula required that 30% of Program funds
SR . in each State be set aside for hogpitals. This resuTted in
! greater competition among schools for remaining funds, and SR

may have limited schools' grant amounts. S s t

) Desib}ters of the ICP 1n£entiona11y focused on projects that
. would pay back quickly and that would prombte the saving.of
o 0il; the findings are influenced by this orientation.

T 3-1
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The States were given some latitude in the way they chose to
coduct Program activities.

-

Only Cycles I and II were evaluated. The early phases of
any program are typically fraught with start-up problems
that become ironed out in later years. -

The evaluation has a very limited focus: it mainly analyzes
the 1,012 ECM grantees that completed capital improvements
by’ September 30, 1981. This popula is only 35% of all.
. the ECM grantees in Cycles I and II, and an even smaller
percentage (16%) of all grantees to date (through Cycle Iv). ~

The EA 1nstituti%ns analyzed in this report represent less '
than. .04% of all EA institutions participating in the -
Program to date. .




. analyst training. .

‘professional e

’

HOW WELL WAS THE ICP ADMINISTERED?

In general, the ICP wa's, considered by administrators and participants to be a
valuable and well-run program. As discussed in the following conclusions, the
qram achieved a high rate of particjpatio% of eligible institutions. vari-
ations in its implementation, while they made -evaluation more Complex, sprang
from a desire on the part of DOE to allow States as much autonomy as possible
in running the Program.- Several barriers to participation were jdentified.
Although administrative edures may haye an influence on Program per for-
mance, the nature of the si%e\ visit sample does not allow the correlation of
energy savings with progrdm administration. ) ‘

CONCLUSION: -The ICP Reached a La:ae ugg of | '
ns utions uer e-rirs WO kran ycies . -

25% of Eligible Buildings Undertook EAs ' N

During Cycles I and II, over 65,000 EAs werd conducted nationwide. In the 10
sampled States, EAs covered almgst 27,000 Yuildings, or 25% of theasligible
buildings within the first two cgclei of the voluntary energy conservation

program. :

Many TA and ECM Grants Mere Awarded

Approx imately 5,300 TA grants and 2,853 ECM grants were awarded nationilly
during the first two grant cycles, covering 14,436 .and 5,960 buildings,
respectively. In the 10 sampled States approximately 1,642 buildings' were
covered by 779 ECM°grants, or approx imately 2% of the total number of eligible .
schools and hospitals in those Statés. However, preliminary review of ICP -
data* indicated that overall, twice as many applications: were submitted as
could be funded. ) :

. ’ -

! .
. R ]
CONCLUSION:- Administrative Practices ‘

rrangements var y Sta /.

The administi'atiie process interv iews -sought to, 1dem‘!if'y those variations. in
State program administration that may affect program performance . within a
State. Table 3.1 highlights these variations in program-administration. As

may be seen fram the table,. States used various methods for procuring matching - .

program funds, collecting basel.ine ' profile data on eligibie participants,
reviewing.app11cations.~deve]opfng energy audits, and conducting aud itor and

States varied in thé number and type of aud itors and apalysts they trained, as
w611 ay in the types of training programs presented. - The - total nupber of

_energy auditors and TA analysts trained during Cycles I and -IT1 in the .10

sampled States was moré than 11,000, Table 3.2 describes the number and type
of auditors and analysts trained by the 10 States during the first two Program
cycles.  Whereas institution -Pdninistrato_rs and technical personnel wefe
trained as energy auditors, TA analyst training gen 1y was limited to
ra?neers and architects.\ . ’ : , = \

?
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* TABLE 3. ADMINISTRATIVE CHARACTERISTICS OF 10 STATE R
. SAMPLES - - .
A i\)vmxsn IN PARTNERSHIP NITH FLORIDA-PONER CORPORATION TO ‘PERFo;tH EAs, 752 OF WHICH"NERE\PERFORMED -
Y BY mos:snnsm AUDITORS ,, ! \Q .
. Sn.u'g:rssr' SUIDELINES AND TESTING FOR AUDITOR AND TA ANALvsr)sgnncAnou oF 10 STATES L
® AUDITORS REQUIRED TO HAVE MININUN 5 YEARS OF BUILDING MAINTENANCE/MANAGEMENT EXPERIENCE OR ‘
ARCHITECTURAL ORFENGINEERING DEGREE \ - . . ‘

p .
s RIGOROUS TESTING OF TA ANALYSTS L '
@ FUNDED ECMS ON MEASURE BY MEASYURE BASIS SO APPLICATIONS COULD BE MOBIFIED T INCLUDE ONLY THOSE JUDSED
APPROPRIATE BY SEO "

® STATE’'S CONTRIBUTION WAS ALL IN-KIND SERVICES; 4 FULL TIME PERSONNEL STAFFED THE SEO,
. * . ' r ) .
. INDEPENDENT CONTRACTOR DEVELOPED EA TRAINING, AND DATA COLLECTION FORMS (DIFFICULTIES WITH ™
CONTRACTOR LEFT ‘SEQ WITH INCOMPLETE R DS§ ).

J" * . | 0-'5
8 ANY INSTITUTION REQUESTING REIMBURSEMENT FOR AN FA WAS REQUSRED TO AUDIT ALL OF ITS BUILDINGS.

e DID NOT PUDL!CXZE AVAILABILITY OF HARDSHIP FUNDS, ONLY THOSE INSTITUTIONS REQUESTING
ASSISTANCE WERE CONSIDERED FOR HARDSH{P, .

¢ [NDEPENDENT {NERGY AUDIT PROGRAM [N PUBLIC.SC PRIOR 10 ICP. IN 19787°PuBljC SCHOOLS WERE
REQUIRED TO CDMPLETE THE FEDERALLY PREPARED COMPUXER AUDIT PALKAGE, PUBLIC SCHOOL ENERGY CONSERVA-
nou SURVEY (PSECS). IN 1979 FuNDS WERE MADE AVA!LAQ.E TO OTHER NONPROFIT INSTITUTIONS. "

8 ANNUAL Fqﬂ. AND ELECTRIC RECORDS ARE FILED WITH SEO AND MINNESOTA DEPARTMENT OF EDUCATION
N (THEREFORE, PUBLIC SCHOOLS NAVE BEEN MOST ACTIVE PARTICIPANTS IN THE STATE),

~ - N

o- SEO SUPPLEMENTED ICP amor CYCLE FUNDING WiTH mr@uus FUNDS FOR PARTICIPATING INSTITUTIONS. ,

MISSQURI S ' )
INITIALLY STATE HAD m?ncm.rv LOCATING mrcmue FUNDS, R

. 'y srnoas STATE surm? ‘OF ICP BEGAN AFTER PROGRAM EYCLE 1!

- ® INSTITUTION REPRESENTATIVES TRAINED AS AUDITORS CQULD NOT CONDUCT AN AUDIT AT THEIR OWR FACILITY: =

’ l - . - . .
N~ ® AuDITS GENERALLY WERE MORE GENERIC AND DID NOT ALWAYS ADDRESS AN INSTITUTIO§'S JPEEIFIC NEEDS,

. . . 4 r
-NEM MEXICO ) : v
® PSECS AUDITS WERE MANDATORY IN ALL PUBLIC SCHOOLS, THE SEO CITED THIS AS THE mn& msou FOR MIGH Ptusnuﬂon
AND _INCENTIVE FOR PROGRAM CONTINUATION, .

] STATE SUPPORTED SCHOOLS ARE REQUIRED TO REPORT ON ENERGY CONSERVATION ACT!ONS IN ANNUAL BUDGETS.

-~

® STATE USES-OTHER SOURCES OF FUNDS TO SUPPORT uou~:CP ENERGY CONSERVATION mosnm FOR LOCAL
GOVERNMENT [NSTITUTIONS, .

.



'TABLE 3,1 (CONTINUED)

K
-

NEW YORK |

® SUBSTANTIAL STATE SUPPORY :oa {CP {NCLUDED FuLL TIME SEO STAFF OF 25
# ADMINISTERED MORE ICP FUNDS THAN ANY OTHER STATE
f

8 STATE APPROPRIATED PEA Fua%s PRIOR TO ICP; SED FELT THAT [CP WOULD CONTINUE EVEN Wi THOUT

N FEDERAL FUNDS, \
o SmALL, INEXPENLENCED INSTITUTIONS SHOWED LOW PENETRATION BECAUSE OF EXCESSIVE PAPERWORK,
i 1 b - hY
o LARGE auau&:m:xts (€.6., NEW YORK CITY) SHOW LOW PENETRATION FOR LOCAL GOVERNMENT BUILDINGS DUE TO
DIFFICULTIES IN OBTAINING INTERNAL REVIEWS AND CLEARANCES.
® MANDATORY PSECS IN PUBLIC ELEMENTARY SCHOOLS CONDUCTED. PRIOR YO ICP WERE APPROVED AS EAs,
J AND THEREFORE THOSE INSTLTUTIONS WERE ELIGIBLE FOR TAs DURING CycLE 1.
OKAM . . . W
_ : N
¢ ’ - ® STATE LEGISLATURE APPROPRIATED NO FUNDS TO SUPP ICP,
' " ® PROGRAM AUTHORITY”AS‘ DELEGATED TO APPROPRIATE EXISTING STATE AGENCIES: DEPARTMENT OF Ebucnnoh.'.
v BOARD OF REGENTS FOR HIGHER EDUCATION, OKLAHOMA NEALTH PLANNING COMMISSION, AND CounciL OF /Locm.
<. GOYERNMENTS. PUBLIC CARE [NSTITUTIONS WERE -OVERSEEN BY ICP CENTRAL OFFICE. “
. _ S . '
8 ADMINISTRATIVE SYRUCTURE RESULTED iN nxvsnse TRAINING FORMATS, AUDIT PROCEDURES, AND DATA
COLLECTION INSTRURENTS, - ' !
- . L 3
* . ’ ' . . . . N
RHODE {SLAND : LT =
e ENERGETIC EFFORTS OF ICP DIRECTOR. ACCOUNTS FOR HIGH EA PENETRATION RATES, WMICR FOR BOTH
! ScHODLS AND HOSPITALS EXCEEDED 95%. ) ‘ : - .
Fi i , . !
- ®  INDEPENDENT CONTRACTORS DEVELOPED AND CONDUCTED AUDITS AND TRAINING, AND REQUIRED TESTING FOR AUDITOR -
oot CERTIFICATION. . '
LI 3
Lo ,
' rd
Y . | ‘ K
o SIZEABLE STATE FUNDING Fog 1CP DUE TO DIVERSE RURAL connuaine( OF NONPROFLY INSTITUTIONS,
. IS . . ' ) : £
N : o . INITIALLY SEO INVOLVED DIRECTLY IN TRAINING AUDITORS. CURRENTLY SEQ EMPLOYS STATE AuDiTORS TO
» © gowDuCT AUDITS AT INSTITUTIONS, .
*~ £ - . - .. " . ’ - .
VIRGIAIA !
‘ &0 - l ﬁs ; |
e SOURCE OF AGGRESSIVE DEVELOPMENT OF NEW TECNNIQUES, “TRAINING MATERIALS, AND MONITQRING
., ACTIVITIES o ’ '
”~ - . ce
‘ ¢ SED CONDUCTED COMPRENENSIVE GRANTS MAMAGEMENT AND GRANTS APPLICATION WORKSHOPS, PRE-TESTING OF ,
INSTRUMENTS, . ‘. . . ' .
) - -
. -, /:\ . . R ‘ , ) .)
8 SED MAINTAINS AN ENERGY CONSERVATION "HOTLINE®, PREPARES ICP NEWSLETTER REGULARLY, AND CONDUCTS -
_ INFORMAL/SEMINARS N ENERGY CONSERVATION, i
. , ’ . , B . . . 5 .
. ‘, ( ;naousuout ALL CYcLes, SEO MAINTAINED AN ACTIVE ROLE IN MONITORING INSTITUTONAL PEAFORMANCE,
[y .~ . . . o .




TABLE 3.2 dwngsé AND

~

TYPE OF AUDITURS IRAINED IN 10
SAMPLED STATES

EA AUDITORS TA_ANALYSTS
NUMBER TYPES OF PEDPLE TRAINED NUWBER TYPES OF PEOPLE TRAINED ]
{FLoripal 413 2,0,EF5 v 319 A.B
ILLINOIS 2750 D.E 350 A.5°
MINNESQTA 73““ A.B.C.D.E 55“ A.B.E
— 4
1 ssout 664 A.B,C,D.E s nad Na?
NEW MEXICO 425 A,B,C.D.E 15 ' 'AJBJEé
NEW YORK 4600 A.B.C.D.E 9 . AR
. - ¢ H war AN
OKLANOMA xad . A.8.¢7,0.€ ' NAS / NAS
RHODE [SLAND A3 CO.E h t '
DY,
UTAH 2668 CD.E . 198 . Ci A.B .
, IvirGinta 1206 AB,C.DLE N/A " AB
T . . . A -
A. ENGINEER 1
B. ARCHITECT 75% of EAS PERFORNED BY mnsrsnn&m AUDITORS -

" C. BUILDING ANAGER . .
.. MAINTENANCE STAFF OR TECHNICIAN
E. ADMINISTRATIVE PERSONNEL (SUCM AS
" SCHOOL PRINCIPAL) *

zFLOﬁIDA REQUIRED MINIMUM 5 YEARS BUILRING MXNTENMCE/WAGEHEHT
EXPERIENCE ;o 'y

3FLORIDA ALLONED ENGINEERING STUDENTS

“ ', F.. OTHER (SPECIFY) 4
- In cycLes | & (I
v . SOMLY FOR CYCLE IV
‘ v smonuxs REQUIREMENTS ‘ONLY : 5
: . ‘ 7NOT FOR THEIR OWN BUILDING N
‘ S|NFORMAL TRAININGS COORDINATING AGENCY PERSONNEL PERFORM AUDITS o
, -AS WELL, AND'STAFF OF ENGINEERING FIRMS ALSO PARTICIPATE ON TAs
- _ ¥ . " SN.A, INDICATES DAJA NoOT' AVAILABLE AT THE nné\or ms ADMINISTRATIVE
v PROCESS xmsmnsns. .
A -
. : ' . e
: ¥ - g - ~ <
. [ ] s . . & . . - . o)
. ) : . .
-, f ) .
&1 N - ‘ £ #
. ‘ ; Rad "," . ;
- o N
I - ~ ‘
"' # 3-6 . ’ . X ] M
. 4
... 1 - -
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] = Auditor and analyst training programs also varied by State. For EA auditors,.
g the length of training ranged from 4 hours of classroam participation to 40

hours of both classroom and building walk-through activities. The average
training in the 10 States was 17 hours, and 7 of the 10 States included walk- -
throughs as part of the training. In 6 States, auditors were required to pass
a written test prior to certification. . , , e,

Training for TA analysts was required 4in 7 of thé 10 States. The length of
training ranged from 3 to 40 hours; the average being 12 hours. Only one
State included walk-throughs for TA analysts, and only one State required
analysts to be tested before they could be certified. - / -
' ‘ “~ . ¥ A

CONCLUSION: SEO Officials Characterized the ICP .
XS a Naluable Program, But The K1so ldentitied T
‘ ) a er o ementation Problems and ractors ’ .
¢ TnTTuencing Fa%ﬂdpaﬂon Rates . \ t e
Throughout the administrative process intervigws, SEO officials stated time
D - and again their opinions that. the ICP was one of the best run and most useful

programs of its type. However, several concerns about program designs and -
procedures were reported, as.discussed in the following sections. .

. %

-

. _ . Y . .
. SEOs Identified Several Imp]ementazén Problems v
. N - ) .

N

Major areas of concern were:

. Tim;and éffort put in to implementing PEA.s, when little or
no use was made of them. | :

. . A L4 i . . )

s Cumbersome nature of the process surround ing deveufnent of - -
the State Plans and sheir review by DOE. A '

e Restrictiveness of Federa) Program regulations.

e Technical pﬁ; administrative problems (e.4., Jack of. .. |

1 : _ consistency) invalved in the.manner by which institutions

\ . estimate future. energy .savings, as well as related quality "
i ' control problems with EA and TA reports . '

o Inability tot fund a large enough state . staff to penform
timely, complete, and accurate technical eng ineering rev iews
%1;. reports, grant appl jcations, and ECM project implementa-
on. ¢ ' . . : "~
¢ Recurring changes in Program funding levels and, requlations
e . " without adequate ndtice to State offices. . o
e Lack of incentive for‘grticipaﬁo'n by local gqve?mienté or
Ay publi¢ care insti ns (which can- not apply for ECM
' gr(ntSJ--' R ' A

<P




) . : . - - " ' = ‘
These concerns were viewed Targely as administrative details, and SEO

personnel maintained that they  had no substantial impact on participating
institutions® abi}ities to meet program objectives.

-

Certain Factors -Influenced Participation Rates '

Table 3.3 presents the factors perceivm',.b} SEO officials as aauiinistrative.‘ -

barriers to participation by -instifutiens. - As the table indicates, some

LJ

factors were evaluated by SEOs to ‘be significantly more limiting than others.

SE0 officials reported that the .three primary administrative barriers to
Program participation by institutions were excessive - paperwprk or
adninistrative requirements, fear of Federal or State intrusfon into their
operations, and lack of funds to meet the Program’'s 50% matchirequirement.

Interviews with institution admninistrators confirmed these SEQ percepf ions.
For example, stveral EA-only sites reported that  they did not continue with

+ the Program because the efforts‘ involved with the~appl ication and “reporting

requirements would, in their opinion, exceed the benefit of the grant award
and/or the resulting savings. At sane- larger hospitals and colleges that are
aexperienced 1in  grantsmanship, it also was reported that the amount of
paperwork was excessive in comparison to the Program's benefits.c Finally, it
was nepor%gd by many institutions that because the ICP funding cycles may have
differed fram their own budget cycles, they were unable to sectfre the matching
funds- required for Program participation. o ;o

SE0 officials also reported  that ineligibility for EEM grantfs for loca]l

government” and public care facilities reduced their pa icipation rates, as.

shown in the data presented in Table 3.4: Cycle I and II EA Penetration Rates

and the Reasons for High-or Low Rates. . ‘ ’
e , S .

On the other hand, reasons -cited for high EA penetration rates included

mandatory participation by State departments of education, as.well as

widespread pubflicity and Program marketing. Despfte the concerns raised by

the SEOs, institutions generally commented that the SEO0s provided cooperative -

administratiye support whenever it was requested. . ..
. / | '
. .
s ! a
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) TABLE 3,3 ADMINISTRATNE FACTORS 'PERCEIVED‘ BY SEO OFFIC\ALS AS {
; BARRIERS TO PARTICIPATION BY INSTITUTIONS S
. ~ ) ( ' . . . . . " ,\~
" " # ’ & f ° : r b .‘ \
- EACTORS PERCEIVED AS BARREERS TO PARTICIPATION BY INSTITUTIQHS Fo
T L . m - WL N ORI ur VA TOTAL SCORE " |
FORMS AND REGULATiONS T0O 2, 1 //ASJ‘ 3 3 3 2 2.5 3 3 %65
COMPLEX AND CONFUSING . <, N .,
FEAR OF INTRUSION BY SYATE OR 3 2 2 3- 2 25 1 2 3 .3 235
FEDERAL GOVERNMENT : - ‘
STATE SCHEDULE TOO TIGHT . 3 2 3 2. t 1 "2 3 2 1 0.0 o
HARDSHIP INSTITUTIONS COULD 2 2 '. ) S 3 1 1 ,. 1 1 25 16.5
NOT AFFORD PROGRAM : .. ] R
SJATE LACKED PRSONNEL T0 1 @ 2 T3 1 1 1 2 2 T 1 ) 160
ADMINISTER, 1CP T . e -
STATE HAD DIFFICULTY COMMUNI - 1 2 2. 2 2 J.’* 1 : 2.5 1.5 1 16,0
CATING WITH ELIGIBLE msnw- . .3 o
TIONS  » . . ' . |
[NSTITUTIONS DIDN'T BELIEVE 2. 2 1 3 041 3 1 3 1+ 2, 15.0
EA/TA WOULD BE PROFITABLE ‘ , ' _ ° .
[NSTITUTIONS ATTENDED. TRAINING, ) 1 2 vl 1 3 -1 NA: ) ‘\75 3 - 15.0
BUT DIDN'T SUBMIT AUDIT s e ‘
INSTITUTIONS ALREADY ASSESSED/ 2 1 2 1 1 15 1 1 1 3 4.5
IMPLEMENTED CONSERVATION - '
OPPORTUNITIES . A )
LACK OF INFORMATION ON THE:ICP 1 -1 2 1 1gis 1725 2 L 14.0
INSTITUTIONS HIRED PRIVATE P! 2 111 1 )1 1 11 11.0
CONSULTANTS TO PERFORM AUDITS
| stare TRAINZNG T00 FAR AWAY, 1 1 1 1 *10.0
ogo OR+ INCONVENIENT ~
OTMER PROGRAMS CONSIDERED MORE 1 1 1 1 9.0

DESIRABLE

*

CODE:
1. NoT A FACTOR
2. MODERATELY IMRORTANT FACTOR .

3., SIGNIFICANT FACTOR

N

*THE HIGHER THE TOTAL SCORE,

L ]
)
J .
-t .

HE MORE SIGNTFICANT THE
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me TABLE’S 4. CYCLE I AND II EA PENET RATION RATESl AND REASONS
. ;5;\ | 5ﬁ IDENTIFIED BY SEO-OFFICIALS FOR-HIGH OR Low RATES "~
f ~ - \“
SCHOOLS. -~ NOSPITALS LOCAL GOVERNMENT PUBLIC CARE INSTITUTE *
- PENETRATION RATE PENETRATION RATE PENETRATION RATEY PENETRAT{ON RATE
] STATE -REASON N REASQN REASON REASON
.| FLortoA . 6% 1352 105° 1022
- | teeinors 43z 48,68 0.9% , 0.3
N - Mo ECHS - NOECMS
i1INNESOTA 443 2% 223 4% .
. - STATE $ PROVIDED - POOR COORDINATING
. "® HELP OF LEAGUE OF AGENCIES FOR PUBLIC -
. CiTies ~ CaRe | .
. ' : No ECM 8
JMizsouns3 242 113 ' 2. 3
R BN - FEAR OF FEDERAL - No ECM s - QECH S
. INTRUS ION ' - ~ A -
i
. New i1Exico 84% 14% _ 4x : 2%
) - STATE CONDUCTED - LACK OF INCENTIVE'  ~ No ECH $ - No ECM $
. EAS [N ALL PUBLIC - PROBLEM WITN MATCH- e i
SCHOOLS (MANDATORY) ING FUNDS .
"~ " SCHOOLS MUST REPORT . .
ON ENERSY CONSERVAC ) N ' Y v
(,f TION AS PART OF '
ANNUAL BUDGET PRO- .
i CESS ]
NEW YORK 282 & 408 20% 10-152
Co - Mo ECM $ »- MoEms
OKBAHOMA 5227 103 - 12% 30%
- HILL-BURTON AND - NECMS - No ECM $
. DAvis-Bacon A Dis- -
INCENTIVE .
RMODE ISLAND 96% ] 100% . 25% ' 1008 _ -
- LOCAL GOVERNMENT
LEAGUE DID NOT F
. THROUGH ON PROMISE
TO IMPLEMENT PROGRAM
. O 4
" Juran . 29% 31 N/A
- SUPPORT FROM STATE R
OFFICE OF EDUCATION .
VIRGINIA . 2z I} 4 6% . 12%
‘ | ' - Mo ECM No-ECM $
— - —
" lPENETRATION RATE IS DEFINED AS THE RATIO OF AUDITED BUILDINGS TO sLxgjiEE\nuanxuss. . :
2EORIDA RATE BY ELISIBLE BUILDINGS ‘ _ . : ‘

. AS OF JANUARY 31, 1982; ScHooLs: 571, HOSPITALS: 53%, LOCAL GOVERNMENT: 24%, AND PuBLIc;CARE: 20%,

v L 55:3 , .4 7
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HAS THE ICP ACHIEVED ITS PRIMARY GOALS? -

The conclusions and findings presented be]ow‘indicate" that the Program has,.

indeed, been achieving the goals of helping institut tons
and oil., The documentation of these evaluation argaes is
order ©f the discusston is summarized below: - . .

e Conclusion: EA Rarticipants Experienced Limit

av n?, rief discussion o ngs concerning the
relatively limited EA sample analyzed) T i

save energy, money,
complex, and so the

ed éner

Enér_'gl

N .
o Conclusion: ECM Grantees Saved Energy and Avoided
Tosts. ' .

*

- ECM grantees achieved ener(_.Jy ings.

- ECM projects were -cost-effecti

- ECMs pau( back more quickly than projectfons predicted.

- Among ECM- ‘grantees,' schools and hosﬁitals showed

differences in energy performance.

*

- Certain. factors can. override attempts at energy
¢ conservation (results of the follow-up analysis to the .

site visits).

-" Other studies support the value of participating in ICP.

e Conclusion: ECM Granteds Greatly Reduced Their 0

) . ‘
s @ Conclusion: Certain Factors Maximized the Energy
' Tonservation Potential of ICP Funds ‘

\ . .
- The iovolvement of personnel is as critical

energy as are dollar investments or instal

‘sophisticated equipment.

1 Usage -~

\

to savin ' o,

lation o

- Thorough analysis of energy éon_servatioﬁ needs as well as
selection of appropriate capital investments are central

* to successful energy conservation programs.

- Effect’ive O&M programs incre?sed energy.‘sav‘_ings':.”
o )

- Ongoing,mT.itoring of energy performance is vital.

These topits are discussed extensively in the following sections.

-

musiou: EA Participants Experienced Linitgﬁ .Energl Savings .

-

»

L 720

Institut fons participating in the EA-only survey experienced miinimal energy

" savings. At FA sites, a total annual savings of 6,62
achieved, ‘or 0.4% of their pre-ICP consumption. Usage o

e 3-1”1' )
.. 93
~

0 millfian BTUs was
“electricity
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mcreased by 9, 501 millien BTU. Most energy savings Sere aghieved in nqtuv’ﬂ

ggs (21 245 miﬂion BTU) and heating oﬂ {3,705 mﬂ\ion BTU). N
- \ . L
Possime Reasons ?nr Limited Success - ‘ ' | .

Since .the EA-only site visit sample represents 'Iess than .04% of the total ICP’
EA mstitutions to date, it is likely that the total BTU savings by EA. pgrti-
factors were observed to e an impdct on energy savings at EA-only sites.
» At EA sires, audits often had been viewed as a one-time
conmitment of effort, and ongoing energy.programs:did not
result. ~ This was parti,cu1ar1y true at local government and

~ public Ycare facilities, where there were no additéonal .
incentives for energy conservation (these 1nstitution types

%

® Many local governments conducted "blanket' EAs at‘all
facilities within their jurisdictions, and consewently EAs
were conducted at some buildings (e.g., phouses, storage.
‘buildings, motorpool garages, and city dump wetgh-stations)
that are ne'ither occupied nor monitored on a regular basis.
‘For example, at one EA site (a conmmunity center) that was. -
not regularly occupied, 1ights were turned on throughout the
building. The respondent commented that because. of the -
building's irregular useapatterns, 1ights were tyrned on iy .
the morning,.and then turned off at night, whether or not
the buﬂding was scheduled for use. - -

o In other cases, such as school disfricts, hOSpita’i .
complexes, and flocal gpvernmentd, where audits had . been
conducted by-a central office or by an independent auditor-
not connected. with.-the ifhstitution, respondents were
unfamiliar. with EA recommendations, or the fact that EAs
actually had recommendations in them. = At one hospital
(complex, the respondent knew that audits ha% been completad

. for of the larger buildings, but_was surprised to learn .
thatmqﬁxbuﬂding selected for a site visi{ had eyven been e ’
ted

) audi T . ' | ,‘x

CONCLUSION: ECM Grantees Saved Energy- and Avoided Energl Costs™

‘The sUbsections that: follow document the achievement®¥ this primary ItP goal;
some provide direct. evidence ang others cdntain supportive information and
interesting analyses "about  comgonents of the Program. The cs covered
include the energy savings “of JECM _grantees,. the cqst-effectiveness, of their
capital improvements, the-ach ement . of their projected paybacks, the energy

- savings of schools and .hospitats,ghe findings of the subanalysis that sought
to determing the causes, of apparent® epergy increases in certain institutions,.
and the’ result of s%parate studies that esent-another - perspective on ICP

. aghievements. : T

i . tla
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$cxpgnts is substantigl. “ However, during the site visits, the following
av

are not eligible for ECM grants). N L .«
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ECM Grantees Achieved Energy Sewings -

-

 To meet_one of tne Program's primary goals of reducing enérgy consumption in

non-profit institutions, schools and hospitals received grants for the

“installation of energg'conservation measures -(ECMs). The resulting~energy
0

savings_fram these efforts were .the equivalent of 988,461 barrels of oil per
year, gnd reduced ' their, average enerdy use substantially. . Total energy
savings are presented in Table 3.5. This tabte indicates that:

® ECM grantees saved 5.17 trillion BTUs from the pre-ICP to
post-ECM period. .

_ ® ECM grantees saved an average of 13.2%* of their pre-ICP

. consumption. The ay erage energy use index (EHI) dropped

*  from 258,255.'BTU/ft“/year to to 229,129 BTU/ft"/year over
this period. - . o '

'@ Among ECM grantees,- schools saved a total.of 3.13 trillion
BTU annually, and an average of 21.6% of  pre-ICP
consumption. ,The average EUI for schools dropped from [
136,323 BTU/ftl/year to 112,663 BTU/ft%/year during their .

program participation.

e Among ECM grantees, hospitals saved a total of 2.04 JLrillion
BTU annually, and an average of 8.3% of preZICP ‘consumpt ion.
The avgrage EUI dropped from 441,911 BTU/ft™/year to 405,551

lsased‘ on ICP Cytle I apd II grantees whose £CM projects were complete as of |-

BTU/ ft“/year during theim participation. 4 B
TABLE 3.5. .ENERGY SAVINGS OF ECM GRANTEES!
) | ' 2 . ) :
| o Trillion BTU Saved Average Percent Sa\f.inqqi .
Schools . T 313 : 21.6
Hospitals . 2:04 ) 8.3
Total 5.17 T 13
L - i » ] [}

V4

9/30/81.

"
[ 4

2¢rom pre-ICP to post-ECM period, based on evaluation of eJectricity con-
sumption at 11,600 BTU per kih. ° :

sBased on statistical precision tests, the 90% confidence limits range from

9.3% to 17.1%. , -

i

L
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ECM Projects Here Cost-Effective

ECM projects mdertaken by grantees produced substantml enev‘gy savings per
dollar invested. An analysis of ECM cost-effectiveness for schools, hospi-
tals, and total ECM grantees is summarized in Table 3.6. —The following
camparisons of total dollars invested and total 8TUs saved indicate that on
the average, ECM projects were cost-effective: . _

e Total ECM expenditures for ECM grantees were $70. 7 million -
(including both the 50% Federal grant and 50% mst1tut10n :
matching fynds). . s .

o Based on total annual BTU savings of 5.17 trillion BTUs, the
average cgst per million BTU saved ~.annua11‘y was $13.68.

o Tp determine the cost per {nﬂHon BTU saved over. the- ECM

lifetime, an average ECM life of 10 years was assumed.*
Based on a lo-year ECM life, the cost per million BTU wouw
be $1.37. /. ]

Since thé Federal share of ECM projects was normally 50%,
. ‘the cqst-effectiveness’ of, the Federal share of ECM 1nvest-
meqts was approximately $6 84- pergmillion BTU. Over a 10-
ECM life, the Federal cos million BTU woidld be
$0./68 per million BTU. At mos aluation sites, project
_cost overruns were estimated to be less than'10%, which were
absorbed” by the institution. When this is taken® into
account, actual eral ipvestment was samewhat less than
50%, and therefore actual(costs to the Federal government
were proportionately 1ess.

o The calculated ECM cost 0% /$1.37/MMBTU compares favorably
with 1982 national average] prices.**- OQOverall, if it fis
assumed' that total energy Savings are attributable to, one
fuel source, the $1.37 can compared, to: electricity at
$20.01/MMBTU, heating oil at 9.35/MMBTU, natural gas at

" $5.23/MMBTU, and coal at approximately $3.57/MMBTU**

"/,

*Ten years is used as an average for an ECM based on engineering judgement
rather than statistical or empirical data. ECMs may last fewer than three
yeargor more than twenty, depending upon their nature and upkeep

**for most ECM grantees, 1981-1982 fuel data ‘hdve been compared to the
institutions' baseline consumption data to calculate energy savings.
Therefore, comparison of cost sevings and national fuel prices also are.
expressed in 1982 prices.

'*"Based .on 1982 national average, prices from Monthly Energy Re»}iew, u.s.
DOE/EIA-0035 (83/01). - _

‘3-142
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When 1982 average national fuel prices are adjustéd to represent'thé mix of

fuel types used by ECM grantees.,, the average cost of energy is. $7.89/MMBTU.
when compared to the ECM cost of $1.37 per MMBTU saved, the result is that for

F .

" _ECM grantees, the cost of energy savings is extremely low compared to the cost

of purchasing additional energy.

\
TABLE 3.6 COST-EFFECTIVENESS ,OF ECM PR{)JE(:TS1 )
= SCHOOLS - HOSPITALS TOTAL
TOTAL ECM  EXPENDITURES 45.24 25.47 70.72 |
(Millions of dollars) '

Federal Share? 22.62 ° 12.73 . 35.36
*{Millions of dollars) v
MILLION BTU SAVED (annual) ° 3,131,907 2,037,746 5,169,653
COST PER MILLION BTU SAVED .
tannual) (doltars) . 14.45 12.50 13.68 ‘\\\\

Federal Share \ 7.22 . 6.25/) 6. 84

(dollars) - | ' . "

COST PER MILLION BTU SAVED
OVER 10-YEAR ECM LIFE C 1.44 . 1.25 1.37

- (dollars) :

Federal Share J2 .62 .68

(dollars) , -
1Based on Cycle I and -II grantees whose ECM projects were completed as of
9/30/81. . -
?'Assuming 50% federal match; in some cases, cost increases in project com-
pletion resulted in a final federal share of less than 50%. '

[
N

ECMs Paid Back More Quickly Than Projections Indicated

On the awerage, the actual time needed to 'pay for an ECM investment through
energy cost savings (the ECM "payback") was less than originally projected.
The average projected payback in ECM appl ications during Cycles I and 1} was
approximately 4.5 years. Data analysis shows that a tdtal of $70.7 million
went into ECM projects,' and: that energy savings tptalled 5.17 trillion BN
Applying 1982 national average prices to the mix of energy types yields an
average cost per milljon BTU of $7.89 for the "post-ECM period. At this price

level, khe annual energy savings of 5.17 trillion BTU would save .$40,995,349

3"15 57 e
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“annually, resulting in a simple payback of 1.73 years. This is less than half
the originally projected payback of 4.5 years. Assuming a 50%- Federal share
for ECMs, the federal payback becomes 0.86 years. Table 3.7 highlights these
findings. The rdduced-payback finding may be partially explained by the fact
that regulations called for “simple payback" calculations on ECM applications,
meaning that energy prices were assuned to stay constant. Since increases in
prices for elegtricity, gas, and other sources have increased the dollar value
of 8TU savings, the calculated payback is reduced proportionately.

Tt 3 PAYBACK CALCULATIONS FOR ECM INVESTMENTS'

_ SCHOOLS = HOSPITALS: TOTAL
TOTAL ECM EXPENDITURES 45,24 25.48 70.72
(Millions of dollars) ‘
Federal Share’ 22.62 12373 35.36
(Millighs of dollars) | ‘
MILL1ON BTU SAVED (annual) 3,131,907 2,037,746, 5,169,653
WEIGHTED PRICE PER - |
MILLION BTU“ (in dollars) - 7.89 7.89 7.89
ANNUAL ENERGY COST SAVINGS . 24.83 . 16.15 40.98 _
(Miltions of dollars) ] ‘
SIﬁPLE PAYBACK 1.82 years ‘"’1\5&19&% " 1,73 years
SIMPLE PAYBACK ON g -
FEDERAL SHARE - 0.91 years 0.79 years 0.86 years

A
-

L4

1Based on Cycle I and II grantees whose ECM projectfs were .complete as of
9/30/81.

‘ v \
2Base:d on average prices for 1982 applied to actual mix of post-ECM energy

types, weighted proportionally to BTU consumption. Price data taken from

- Monthly Energy Review, U.S. DOE/EIA-0035(83/01).
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Among ‘ECM Grantees, Schools and Hospitals
Showed Differences in Energy Performance

v

On some measures of conservation performance, schools were more effective in
saving energy, and hospitals did better on others. An examination of gnergy
savings by. ECM grantees by inStitution type reveals fhat schools Yaved
approximately 21.6% of their pre-ICP energy consumption, while hospitals Saved
an estimated 8.3% (p<.05)*. However, hospitals display greater cost-
effectiveness for their ECM dollars, averaging $12.50 per million BTU saved
annually as compared to $14.45 for sshools. ' . :

Several factors were cbserved to_have an impact on the differences in energy
conservation performance for schools and hospitals. First, hospitals’ ovérall
energy usage temds to grow as new equipment and services are added. This
results in a rising “baseline” against which energy savings are measured, ang
thus reduces the apparent effectiveness of a given energy saving measure.
Second, hospitals are more energy intensive than schools, due to the presence
of a much ‘greater amount of energy consuming equipment in hospitals. This
means that the same amount of BTU savings represents a smaller percentage of a
hospital's total energy usage then a school's. Third, hospitals experience
several restrictions on their operating patterns, dictated by such factors as
Federal/State regulatoxy standard® for ventilation, infection control, and
patient well-being, and also have strict requirements for climate control
(e.g., operating rooms, computer centers, diagnostic equipment) in order to
carry out, their prime mission of health care delivery. Therefore, although
hospitals atfempt to reduce operating costs, energy -conservation may not be
considered as important an objective as, for example, patient comfort,
decurity, or convenience. .

Finally, energy consumption and costs are more visible and easily identifiable
in school budgets, and are more easily controlled by administrators. In
addition, energy consumption may account for a larger percentage of school
budgets, and more innovative and non-restrictive opportunities exist for
energy savings in this type'of institution.

LN

3

)

e

L

*p<.05 ind icates that the difference between the two percentades is statisti-
cally significant. v : )
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Additions of Unassessable Amounts of Energy-Consuming
Equipment, Inadéquately Projected Savings and a Lack
of Effective Energy Management Can Dffset ECM Savings
At Complex Facilities ’

Analysis of the follow-up site visits to ECM grantees that increased their
energy consumptios fram the pre-ICP to post-ECM period reveal that ECM savings
can be offset primarily by three major factors:: (1) additions of unassessable
amounts of energy-consuming equipment; (2) inadequately projected savings,
and; (3) a lack of effectiye management. Findings from the follow-up site
visits are described below, and supported by five case studies presented later
in. this chapter (Case Studies I-M). The return site visits also afforded the
gvaluation . team the opportunity to confim its original evaluation method-

1

ology, which is explained in further detail in the preface to these casen

studies.

L)
”

Additions .of Unassessable Amounts of Energy-Consuming Equipment

‘Analysis of the follow-up site visits to ECM grantees that increased their
energy consumption from the pre-ICP to post-ECM period showed that complex
facilities (e.g., hospitals) tend to continuously add energy consuming equip-
ment without maintaining records. This prohibits an accurate evaluation of
ECMs based on the comparison of total buihﬁng energy consumption over this
several year period.
’

Further., it was observed that individual metering or performance
instrunentation on ECM projects which could permit savings measurements is

seldom installed. In some cases, changes in operating procedures after ECM °

installation may actually cause reduced overall system efficiency, which
cannot be assessed without instrumentation. Also, the normal degradation) of
ECM hardware efficiency with age and normal drift of control adjustments
frequently cannot be detected without instrumentation.
’ i
4 .

Inadequate Projected Savings Data

4

Additianal findings from these return visits suggest that inadequate data on
projected energy savings also compounds the difficulties of measuring energy
.savings at complex facilities. Technical analysis reports sometimes fail to
present the projected energy savings in energy units for each recommendation
so that the savings from a combination of installed projects may be deter-
mined. Without this information, the apparent subsequent results cannot be
evaluated for accuracy. )

}
- Lack of Effective Energy Management
- :

M .

Lack of an effective energy conservation program directed from the hirg#est
management level of an organization  can fail to provide enough skilled
personnel to achieve energy-saving preventive )naintenancé, equipment fine-
tuning, and hardware experimentation. At sond. facilities, the demonstrated
savings potential could more than support the salary of an additional person
to achieve the potential result, but this concept is not as readily grasped by

®
*

3-18 7

60

-



iy
management as is the concept of hardware purchases. Perhaps this i§‘1arge1y’
" ! because management has historically considered the role df maintenance as_
simply to keep systems running, Now that energy costs are significant, the
additional burden on maintenance personnel (and operators/occupants) is. to
assure that the systéems not only run but that they do so efficiently. - This
calls for a considerably expanded maintenance effort, and frequently for
higher skill levels and/or more pefsonnel than management may have come to
appreciate. . ‘ ,
| /
Other Studies Support the Value of Participating
 In Advanced Phases of the ICP ‘ ~
_ The studies, summarized 'below, while they cannot be tied 'to-tkg evaluation
-~ findings of _;%his report, do provide another interesting perspective on the
~'ICP's achievement. . L o a
e Maryland Schools--&-study by UII, Inc.* of energy éndi
related data from more thap 1,400 schoold.:in the mandatory _
statewide reporting system Bnalyzed energy use data for the 24
1978-82 period. Their analyses show that: . e
- ECM grantees saved a total ‘of 26.94% of their ene?gy
v . _use from 1978 tg 1982. : e

.
i

- -Non-participants saved 12.5% ‘over the 1978-82 period.

'® Minnesota Schools--The State Energy Office* collected data
in a voluntary survey of 173 ICP participants in the EA, TA,
and ECM phases. While this survey does not compare partici-,
pants to non-participants directly, it does provide a basis
. for comparing ECM grantees to other participants. The
» analysis shows that: ' .

- ECM grantees saved an average of 14.1% from the 1979 to
1982 period. '

\3 - The group of 173 survey respondents as a whole saved
T 10.7% over the 179-82 period. - <
- = m .h
N - 1 . ) - . ‘ -~
~

L

%

*Energy Con ervatiuh-in Maryland Public Schools prepared for the U.S. Depart-
' ment of Energy Dy Unified [ﬁﬂ?ﬁfries, Inc., March 1983.

**Minnesota Department of Energy, P]aﬁningJ and Develomment, Energy Division.
. Institutional Building Grants Program: Phase Two Preliminary Report
(Draft), Rpril I, 1983. _ N .
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o AHA Member Survey--The Américan Hospital Association
undertook a suryey of various energy-related data fram its
manbers. Kﬁndings (based on 1980 data) include such !

‘ facts as:

N ¢
*

- / gperating and maintenance improvements occured ‘at a 25%
higher rate among ICP-participaiI:ing hospitals than among

R ,' | non-participants. . N g
| Ty * -« Inghouse energy audits were conducted at a rate 64% |
higher at ICP-participating hospitals.
g - - C(Consultant energy audiys occurred at \avr{te 200% highegd a
Y among ICP participants Y- : , .
- Capifal expenditures - energy improvements occurred at:
a rate 46% higher among ICP participants. / L

v .

. o .
ECM Grantees Greatly Reduced Their 011 Usage '

Reductions in o1l use were the fost outstanding feature. of the energy|savings
. analyses; grantees saved more 011 than any other energy source: As mehtioned
at the outset, the ICP's ranking methodology for ECM applications was designed-.
: give priority to those measures. projected to save the greatest amounts of
‘ i1. This objective was realized by the Program as shown by these findings:

e 011 usage reductions by ECM grantees totaled 11.77 trillion
BTU annually, or an estimated 2.5 million barrels of oil

per year.

s Natural geas usage by ECM grantees increased by a total of
8.78 trillion BTU; thgs was observed to be due primarily to -
a large number of oil-to-gas boiler conversions. However,

. adding the gas usage increase to the oil use reduction +«

. yields a net BTU savings of 2.99 triilion BTUs.

» S8vings in other energy types were minor approximately 2.18

o tr;‘uig.rﬁsm for electricity, LPG; coal, and purchased steam
— ¢ ned, .

7 ;

when oil uwse reductions are viewed separately from other energy sources, it”
can be said that ECM expenditures of $70.7 million resulted in the reduction
of 2.25 million barrels of{ 071 use annually; this average $31.42 per annual
barrel.« Over a 10-year ECM 1ife, the cost per barrel is $3.14; and the cost
to the Federal government (assuming a 50% share) would be $1.57. o

Certain Factors Maximized the Energy Conservation
Potential of ICP Funds - -

The ICP definitely _resulted in énergy, oil, and dollar savings, but some.
“institutional perspnnel--eith through good fortune, dedication, or
interested analysis-Fused ICP funds in a particularly cost-effective way to
maximize savings. Thdsg ECM grdntees who made the best- use of diligent energy

~
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"~ Large reductions can

- ?
Y

-

managers . undertook a'ccuraie and building-specific energy analyses, and

" installed appropriate ECMs, persevered in the conduct of operating and

maintenance techniques, and monitored. energy usage showed overall greater
savings. Findings on these topics are presented in the sections that follow.
.ooN e :

The Involvement of Personnel Is As Critical

to Saving Energy As Are Dollar Investments . 1
and Sophjsticated Equipment ' .
Cmmit:.ted Leadership Saves Ene ' '

‘ { p ergy S

Throughout «the evaluation it was seen that energy performance was related to
the level of comitment of the designated energy. fanager to the program.
During the field survey, respondents were rated excellent, good, fair, or poor
in terms of their overall involvement in energy management. Institutions
rated excellent experienced saverage savings of 19.8%, compared to 9.0% for
other respondents (p<.05).  For schools rated excellent, average energy
savings was 20% compared to 12% for those rated poor. At hospitals exhibiting
high levels of ‘involvement, average savings was 25%, whereas low levels of
involvement experiencdd 10% savings. This is a strong indication that admin-
istrators who exerci%leadership ard are involved directly in conservation
constitute an importa element of successful energy programs. Figure 3.1
graphically compares the energy savings and cost effectiveness of these ECM
grantees. As the figure shows, highly involved energy managers at hospitals -
can improve energy, savings by 250%, since the complex nature of hospital
energy systems require constant attention in order to maintain enesqy
efficiency.

L

7

Managers Can Save More Energlf ~
Than Sq ame Sophisticated Machines -*

-

-
This finding was, particularly visible at -those sites where ECMs included the
installation of sophisticated energy management computer systems (EMCS). The

- daily efforts of a fery technically competent and effective energy manager to

make sure energy equipment functions’ efficiently can improve the level of
energy savings. Much of these savings can be attained by implementing
preventive maintenance (PM) practices and improving operational procedures.
*he achieved initially by such simple means as installing
time clocks, or by assigning one maintenance person to g daily patrol of
buildings for the purpose of making equibment. adjustm , and detecting
equipment inefficiencies and malfunctions at their onset. ‘ :
L) . .

Opce these management efforts are in place, additional ‘energy davings can be
achieved by ‘incorporating several ECMs, the most costly being a top-of-the-
line computer-based en mapagement system. In one institution, althougl’ a
computer system provides desirable features such as- control monitoring and
remote resetting capabjilities, it has not contributed to. further energy
savings . at the same rate that the efforts of the effective manager had
achieved over a 4-year period of concentrated conservation efforts (a 75%
reduction). This may be accounted for by the fact that the computer system
assists the manager in maintaining energy systems, but does not identify
additional comservation opportunities. :

[ ! ‘ . 3-21 ) ¢ v,
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FIGURE 3.1 ,
IMPACT OWLIT\' OF ENERGY MANAGER ON .ENERGY PERFORMANCE
Question: Was The fnergy Manager Rated Excellent?
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At. several other instftutions that installed computer-controlled anergy:
management systems, a variety of conditions prevented maximum efficiency and’
savings’ from the equipment (e.g., manual overrideEEof controls, improperly set
~ “timeclocks, cycling of systems in unoccupied areas, and failure to connect

some energy systems to the computer). S
The Or an'lz.ational Level of the Energy Manager |
. Can K?gectTnergy Savings - ' o . (\

In addition to the level of dedication by energy managers, the position of the
energy manager within the institution's organizattonal structure can have an
impact upon energy savings, Three variations of  program management are
described below. ' ' . « L -

* » \ s ~
v LS . '.‘ :’

L - ‘ - . N
On-Site Management . A

e, e 4

At many rural school districtt. the Superintendent was_responsible for all
aspects of the schools' operations, inclﬁﬂing energy conservation activities
and budget management. - In-most of these situations, the superintendents had a
very geod knowledge of the positive -effects of energy conservation 0n
operating budgets. Most respondents were pleasantly surpriged with the cost
savings that resulted fram’their energy conservation activitigs when viewed in
terms of their avoided energy costs.:

\ S '

© The result, ih these cases, was generally a sincere and continued commitment
to energy conservation. In addition, these respondents often reported that
their energy and cost savings prompted their school boards to make firm

finangial .comitments to energy cons’ervation.

L -

'. .Centr.al'l_y Located Off-Site Managament

int a central energy

" Many school districts and local governmentfﬁften
s within the juris-

manager to oversee conservation activities in all
diction.™ Often the energy manager is a supervisor ildings, and grounds®
, wky has little gontact with daily buildin§ operati Although there are
some benefits to this type of management, such as fhe capability to review
vendor proposals and purchase equipment econamically, there are several
areas in which this of management may reduce the savings potential. For
example, such a makager has no direct daily authority over personnel who
- operate a variety of/buildings and Who have 1ittle knowledge or experience in
energy conservation.' The result is that more energy may be wasted with poor
daily control than the energy manager is saving through wise purchasing. Case
. Study A presents a further example of-tRis Stbuation.

¢ In a similargsituation, a school district administrator concerned with ways to
- save energy dollars was reasonably well informed on general technical methods.
However, the management approach was to allow each school principal to hand le
. energy conservation within his own school. The results varied.greatly amo
the schools, as shown in Case Study B. ,?\"

L]
- -~
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Internally Delegated Manageient k ’

Putting the responsibility for energy costs directly into the total operating
budget of each department at large hospital complexes and at universities and
then returning a portion of conservation savings to that budget the following
year was found to be an effective. incentive: Many dally procedures account
for the bulk of energy results, so that.tying responsibility to the manager
who has daily authority over his facility's operation can produce good results

- * at relatively low cost. It is likely that this opportunity for the manager to
see the direct relationship between energy conservation actions and costs
prov ides additional incentives toward savings.

\ﬁ:ugh Analysis of Energy Conservation Needs
s well as Selection of Appropriate Capital Investments
Are Critical to Successful Energy Conservation Programs

-

The Quality and’Use of E'nergl Analyses Varied'Congiderabll

It was discovered during site visits that the quality and use of energy audit
information and of TA analyses varied to a ‘great extent from one institution
to another. Various aspects of this problem are worthy of discussion, which
is presented below. ~ . ‘ ‘ ' '

Ay

1 4

Analyses Often Were Not Building-Specific ¢

"EA and TA reports prepared for ICP participants varjed greatly in quality,
scope, and effectiveness. One common pattern observed. during site visits was
that energy auditors and TA analysts tended to recommend the same 0&Ms and -
- 'ECMs at all buildings. In cases of buildings that are very similar this
practice may be .accgptable, but most seemingly "similar” buildings are in fact
quite different in their energy character due to the variations in mechanical
equipent, utilization, numbers of users, operating and maintenance condi-
tions, siting, and other factors. For energy audits, this- appeared more
frequently when an outside auditor cemaducted EAs in a largé number of dif-
ferent types of institutions located in the same geographical locatién (e.g.,
the northwest part of a state). .In a few cases, improper recommendations
Ye.g., gymnasium lighting modifications in a library that did not have a
gynnasium) resulted. :

EAs Often Did Not Serve As Educational Tools *

Many respondents were unfamiliar with specific EA reconmendations, and it is
doubtful that most energy auditors spent any sigpificant time with institution
management , much less maintenance management personnel, to effect agreement
and* motivation for optimum application of the EA recommendations. This situa-
~ tion was seen in several institutions. At-same institutions, where the EA had
| . been completed a number of years prior to the  site visit, respondent:&gften
were unaware of the 0&8Ms that had been recomme . In same cases, cific
changes--such as. replacing 40-watt fluorescent bul®s with watt-saver bulbs--
had been incorporated into the regular maintenance program. Howzver, lack of

o

-~
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. . attention to many ongoing 0&Ms such as recaulking, weatherstripping, turning
_off lights, and lowering thermostats and. domestic hot water temperatures 'was
ev ident . - ;

. . P ’ . _J

EAs Did Not Guarantee the Implementation of O&Ms «- \ .

. Where effective long-term O0&M effort exists, it tends to be due %0 the
technical/energy conservation orientation of someore a the facilbity who is
operating in an effective management role. The EA may have accelerated the
identification of appropriate actions for this individual, when an energy-
conservation advocate existed at an institution. On its wr, the EA did not
guarantee the implementation of no-cost or low-cost consenvation activities.

. . For example, it was observed that at 41% of both EA and ECM sites many recom-
mended’ 0&Ms were not maintained, and that 62% of all sites had not implemented

, . ay O03Ms beyond those recommended in the audit. In fact,\managers at ECM

',g _ tsites often freely admitted that the need to implement .the ‘Q&'Ms?was viewed

‘ largely ‘or totally as administrative "hoop-jmping® ‘in order to apply for TA

and ECM funding. .

| TAs Dften Failed to Analyze -a .
s - Comprehensivé Array of ECMs . '
/

7 Similarly, TA analysts often either recommended the same ECMs for a variety of
buildings, or provided detailed analysis for only a single "favorite” ECM (See
. Case Study C). For example, it was seen that only 42% of reviewed TA reports
recomended a full range of possible ECMs fram which to seléct projects for
funing. . One SE0O official contended that for certain analysts, recommended
Eﬁ—'\coulgf be predicted prior. to reviewing submitted TAs. It seems reasonable
© that at a mgnimum, the TA for such buildings should examine a relatively/large
“number of-t?ssible ECM choices and a demonstration of nonsuitability should be
given in the TA for those ECMs ultimately rejected, as well as detailed decu-
menthtion on the';.ationa?e for selected ECMs. . :

Many TAS Neglécted tne 08M Aspect of Energy Management .

Finally, many institutions perceived, the purpose of tM TA as qualifying. the
institution to apply for ECM grant money. Thus, the overriding emphasis of
the TA ahal\yst in such cases was apparently to identify capital improvements
that could save energy, rather than to present institutions with comprehensive
. energy management programs. Although the primary purpose of the TA was not to
identify 08Ms, the most effectjve TAs: were those that presented éan ener%%.
“analysis of the "total" facility. For example, while same or-all of the E
" expsmditures - theoretically were productive,. approximately 50% of the ECM
grantees provided evidence to the evaluation team that additional 0&M efforts
may have been more appropriate than the implemented ECMs.” Overall, these
grantees showed ~average energy savings of 1.7% at 'a cost of $335.44/MMBTU
saved. On the other -hand, -at ECM grantees whére the need for addit onal 0&M
efforts was not évident, average savings were 9.8% at a cost of $10.76/MMBTU
saved. Energy savings for schools and -hospitals in these oategories, .as
presented in Figure 3.2 further support the finding that there is a continual
need for more and consistent O&M attention. Such attentiod might result in
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. quns 3. z i
mm'r or ovsnmmsxs ON ECMs vs. OBMS oN ENERGY- PERFORMNCE

. Question: '“Has There -Evidence That Additional O&M Efforts ° - - -
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COMﬂENT: Overemphasis on ECMs vs O8Ms seems to.be associated witﬁ
. lower energy savings and poor ECM cost-effectiveness. s
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the 08Ms "outsaving” the more costly ECM éxpenditures. This is further illus-
trated' by the. fact. that only 39% of the reviewed TAs recommended® 0&Ms beyond
- the EA. In addition, sites whose - TAs identified additional 0&Ms showed an
average of 16.4% savings, while those TAs not recommending additional O0&Ms
showed an average of 10.3% savings. At hospitals, wher®daily 08M attention
is essential to the efficiency, of ‘complex energy systems,, TA analysts may have
had toa little contact with on-site’ operating personnel to provide those
- _personnel with technical assistanc@.that would improve their energy conserva-
tion skills., This was evidenced during the TA review by the evaluation team

which indicated at where TAs did recommend O&Ms beyond the EA, energy

sav-ings were -almost double the energy savings achieved by hospitals whose TAs
~did not consider additional 08M m:tion; (see Figure 3.3). . .

“TAs gft'en _H'e;'é‘.!b'f Examined Analytically : é_
. Byvlnstitxpion Staff ' .

The site-visit teams learned that few TAs wefe ‘carefully studied, challenged,

2" . or made widely available within jnstitutions for coordination and review

St

.

g @ Féc‘tbrsfesﬂés Conservation and Paybac o , ..

" befiore ECM grant applications’ were submitted. This was particularly true at
ﬁhools where TA analysts submitted ‘their. report$ directly to DOE, and also
were, responsible for preparing and submitting grant applications.’” At some

schools, TA analysts failed to Seek pertinent information fram building °

occupants and maintenance personnel of to review the reconfhended ECMs with
theni, Not only did same respondents disagree with certain recomendations
that were made without ' their knowledge, but also, this lack of communication
led to incorporating ECMs that .gontributed little to energy conservation, or
required extensive corrective action. Examples of -this situation include:.
installation of vestibule doors .at entrances that had a hidtory of non-use due
to the area of the school at which they were located; incorporation of a time
cjock on a. domestic hot water recirculation pump, even though ‘maintenance,
-persgnnel’ kept. .the. pump” permanently turned off; and recommendatioh of a boiler
stack damper - that could not be installed due to safety considerations. At

schools where it was observed that alternative 'EGMs could have been more

appropriate, ene savings averaged 12%; where appropriate ECMs had been

installed at schools, the average savings was 20%. Therefore, it is likely

that had some TA analysts coordinated their. efforts with institution
~, personnel, energy results’ could have improved. ' |

*

Tafluenced t election . . A

~ N T

‘In addition to.the Dyyback limitations for ECM projects, respondents reported
a number- of other fhctors -that influenced their selection of ECMs for ICP.

N funddng.- ‘These factors included: ] .
' . " +i s The availability of matching funds,. .
;o ‘s The degree .,t'o,ﬁhi h the building's normal operating :
schedules would be dfsrupted for ECM installation, - :
A ) o The operating’ condition of existing energy equipment and the o
. degree to which some equipment would require major repairs
_ or.replacement within the near furture, and. - . }
D i .o 3-27 )
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o The degree to which the institution would consider install- &
) ing the ECM with .their own funds. -

ECMS (bservid Were Classified by Type . ‘ ﬁ

ECMs observed during site visits were characieriz@p by type, and included:
. 3 R .
e s Modifications of the building envelope (structural modifica-
tions to windows, doors, roofs, and watls),

) Mechanical.systéms (boilers, pumps, HVAC systems), R o
; .
» Lighting (reductidns and conversion from incandescent to
,_,_71'1 uorescent), and

. ~ —
‘ ‘ oSSpecial systems (solar and other alternative fuels,
' kdtchens, Taundries, and swinming pools). A

Certain ECMs Mere More Popular Than Others,
But Were Not Necessarily the Most Effective

), Combinations of these éur ECM types form 15 categories. Of the institutions
that installed only®one ECM, 21 were mechanical ECMs, 8 were envelope ECMs,

~ and T involved lighting modifications. However, most ECM grantees installed
“multiple ECMs. The most popular combinations of ECMs were envelepe and
mechanical measures (27 sites); envelope, mechanical, and lighting (18 sites);
and mechanical and lighting (12 sites). '

During site visits, it was observed that automatic controls for bpoilers and
HVAC systems were most popular mechanical ECMs. These included time
clocks for automatic cyd\ing of energy systems and conversion of oil burners
to natural gas with oil fox backup.? Envelope modifications often involved the
reduction of window areas With insulated panels. Some respondents at schools
comented that an initial fear of a lack of visual access to the outdoors from
these ECMs was quickly /repliaced by more attentive students and more comfort-
able classrooms. * Other enyelope measures included vestibule installation and
ceiling and wall -insulatijdn. Lighting modifications included the conversion
of incandescent to*flugfescent lighting and the reduction of lighting through.
delgmping or replac existing bulbs with watt-saver bulbs. One common
problem identified with delamping was ‘.that although bulbs had been removed
from fixturks, ballgtswhad not been, and therefore,. potential savings were
not being at&zeved. Examples of special systems ECMs were solar swimming pool
heaters, exhpust heat recovery units.&! a sawdust fueled boiler. .

<«

It Was Often Impossmesi?inpoint the
Savings Generated by a ific ECM N 2
_Since the structure of,-ICP promoted multiple con'servati'“ tivities through-
out an institution, the contribution of either 0&M pr s or multiple ECMs

recommended in EAs and TAs both federally and non-federally funded, made it
\ impossible to identify savings due to specific ECMs. During the ECM site

~
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visits, more than 501 of the respondents reported that 0&Ms were ongoing and -.
45% of .the ‘sites were involved in additional energy conservation activities
" concurrent with ICP. bbwever, only )8% of the sites had specific metering
capabilities. Therefore, in most cases, it was not possible to determine the
actual savings of a specific ECM., However, it was possible to "evaluate the
improvements in building efficiency during the ICP participation period. .

At &chools, the 4 most popxlar categories of ECMs were (1) envelope and mecha-
nica 2) envelope, mechahical and 1ighting, (3) mechanical, and (4) mechani-
cal ad “tighting. A summary of\ energy savings and cost-effectiveness is
préesented in Figure 3.4. These dafia show that for schools, ECM popularity and
resulting energy savings have*an inverse relationship (e.g., sc install-
ing the more popular ECM categories achieved the least savings). However, for
hospitals, ECM selection shows a direct relationship with overall building
) energy savings, which suggests that hospitals may have had more technical in-
- sight into the energy efficiency of selected ECMs prior to installation. ECM
selection for both schools and hospitals shows no correlation with cost effec- -
tiveness which is due primarily to the fact that actual cost-effectiveness
cannot be assessed prior to installation and operation of ECMs.

ECM Quality Was Good

Generally, the quality of ECMs was observed to be very good. Sixty-four per-
cent of the projects were rated excellent of good in terms of their operation
and -up ereas only ‘4% were rated poor. Only 12% of the respondents

Kf’ reported any problems, although the evaluation team observed operational and
upkeep problems at approximately 20% of the sites. This difference can be
accounted for by the lack of technical and/or engineering knowledge on the
part of the respondent. .Problems most often occurred at those sites where
advanced technologies and innovative ECMs had been installed, a both
contractors and maintenance staff were unfamiliar with them. The efferts of
these problems usually was evidenced by energy savings that were far below the
projected savings. For example, at schools where ECM operations and opkeep
were rated excellent,, average energy savings were 223, as opposed to' those~.
sites where problems /were observed, which averaged only 11% savmgs For
hosp1ta,ls rated excellent, energy savings were 21%.

Use of Advanced or Unusual ECM Benefits -
From Prior Proof pf Performance ° '

Where advanced ‘or unusual ECMS are installed, their performance may better
assured by using-a coptractor with previous -experience with the ECM, or ﬁ
requiring prior proof of the -ECM's energy performance. If this “track record”
is not available, then the institution involved should be adequately cautioned
that such an undertaking is a research and development project and that thay

“should have follow-on funds identified and available to assure eventual
success. In cases where new and innovative ECMs have been installed, design.
and operational problems often have been encountered. For example, at onk&”

_site, a sawdust boiler had been installed™~$o replace the school's fuel oil
boiler. It was determined subsequently that the combustion rate in the saw®
dust boiler Yimited the output to about one-third of its capacity. Insuffi-
ciept consideration had been given to the g\roblens associated with moisture

3-30

. . i . ]



e . .
- FIGURE 3.4 .

Energy Performance of Commonly Selected ECM Categoriés*
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content of the sawdust. Although . prel iminary an‘-lysis projectad * total
replacement of fuel oil, the school had reduced its fuel consumptionlby only
50%. At the time of the site visit, the school was in the process of inves-
tigating the costs for optimizing the system's efficiency. Even though school
officials had no specific estimates at that time, it was concluded that the
cost ~affectiveness of the E(M was greatly reduced. Other innovative ECMs
encountering problems included incinerator heat recovery, exhaust heat
recovery, and same solar applications. . * . : )

On the other hand, one school was visited that installed a boiler interconnect
system which, it was-estimated, could elimimate simultaneous operation of half
of the school's boilers.  Although initial problems were experienced, the TA
analyst worked closely with the“®bntractor to correct the system, and within
+ the first year of operation the school showed a 36% reduction in energy
consumption and had saved $35,000 (see-Case Study E).

2

Effective Operations and Maintenance (0&M)
Programs Increased Energy Savings ..
Field survey teams observed that several ECM granteeS were not maintaining the
0&M measures reconmended in their energy audits. This group saved an average- . °
' of 3.2% compared to an average of 15.6% by ECM grante&s dbserved to be keeping -
/ up with the 0&M measures recommended in their audits (p<.05). ECM grantees
) {-- observed to be maintaining 0&M measures beyond those resul'ting, from the energy
\_ audit experienced 15.9% average- savings, compared to 7.7% average savings for
those who did not pursue 0&Ms beyond the energy audit (p<.05)-.

This difference is also visible in the area of cost. Grantees maintaining
their enerjy audtt 0&Ms spent $27.79 per MMBTU saved by their ECM projects,
versus $14Y.52 per MMBTU for those that.did not maintain their 0&Ms. These
that pursued 0&Ms beyond the energy audit spent $27.60 per MMBTU saved. ’

This relatidnship between strong O0&M ‘programs and energy savings also- holds

true when schools and hospitals are exafiined imdependently. Energy savings

and cost-effectiveness data dfsplayed in Figures 3.5 and 3.6 indicates the

extent to which neglect’ of 0&Ms reduces -energy savings as observed by the

evaluation team. o . - : w
t is clear that thorough, ongoing O0&M efforts are associated with greater

energy savings, and that. ECMs can be more effective when supported by a strong-
04M program. ECM grantees selected certain EEMs for various feasons, and the

most popular were' not always the most efficient. However, selection and ,
- maintenance.of ECMs are essential to the achievement of a successful energy

conservation program. - . - Lo
N e
Ongoing Monitoring of Energy Performance Is vital ]
‘ ’ - L 8 ¢ <« -

Ongoing monitoring of energy consumptign provides the basis for evaluating the
success of an institution’s energy conservation program. Reviewing and com-
paring monthly fuel ‘bills and adding yequipment metering are two effective /
methods for identifying the areas of pbtentially greatest savings as well as’/
quickly pjnpointing consumption-increasing problems. ’ '

{
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FIGURE 3.5 IMPACTS OF MAINTAINING OMs
Question: Is There Clear Evidence That 0&Ms Are Not Being Maintained? .
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FIGURE 3.6 IMPACT OF THOROUGH O&M PROGRAMS ON ENERGY PERFORMANCE
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Mogitoring and Meter MEnergx , [ .
M

€
.

The ECM granfees that maintained records of engrgy use and used those records

X to measure. energy performance ex_perienced.hii;heg levels of energy sav ings than
| those that did.not monitor. Data apalysis shows that grantees conducting
PN monitoring saved  an average of 11.9% as opposed to 7.5% for those that did not
monitor (p<.05). Monitoring activities also had an impact on costs, as
evidenced by costs of $13.52 per MMBTU for institutions, with monitoring and’
$97.74 for MMBTU for those without monitoring.
- ' grantees with special metering showed an average savings of 20.1%, compared to
] 9.4% for grantees without special metéring (p<.05). Energy costs at institu-
tions with special metering were $13.05 per MABTU saved, conpared o $24.44 .

_ per MMBTU saved at institutions without special metering. Figures 3.7 and 3.8
“ summarize the impacts of monitoring and‘meter?ng on -energy ;ﬁrforﬁance for all
, ECM grantees; as well as for schools and hospitals.
. Schaols that monitored energy -pe??o_rﬁance saved an average of 20% at a cost of
"$17.56/MMBTU saved, Schools that did not monitor saved an average of 10% at a
cost' of $60.89/MMBTU saved. At - schools where special metering was evident,
energy savings were 20%, and 14% at~”sch ols withput special -metering. At
hospitals, where ‘energy consumption was monitored reqularly, savings averaged

~ 9%, as ::vmparai to .17 savings for hospitals that did not moni tor.

n

- Results Must Be Analyzed and Applied ° | 7,

-
-

_ Although’ the EA, TR, and ECMs were intended collectively to facilitate- reduc-
.tions in energy consumption, very few institutions have the administrative or
‘mechanical capacity for systematically ménitoring and controlling the major
factors * that may cause high consumption. ~ In thé cases where monthly,
seasonal, or more normally, annual monitoring of consumption is performed,
there does not seem to be an effective application of, the resulting knowledge
for the purpose of reducing energy consumption. \ Whereas 47% of the ECM sites
reported same type bf monitoring activity, only)17% actually metered energy
per formance. It is< doubtful that timely #investigation and correction of
1neffic1ent._g,hardwa’re‘operati,on is resulting froy the monitoring activities.
For example, one hospital that included daily monitoring of electricity
consumption, peak demand, and temperatures on hourly basis simply stored
the results in a desk drawer. MNo attempt was made by the maintenance staff to
use the monitoring r?eports for energy conservation. .

| \ L8
Theoretical Saviggs_,often Are Not Challenged

4

energy is being faved aftér ECM activity solely’because the theory and paper
calculations said it should be so. Lack of interest in confiming the exis-
. ' tence/or exact level of savings and in identifying potential ways to fine-tune
. performance 1is fairly widespread. During site interviews, when respondents
we:go asked how much energy theyyht was being saved, only 14% of the

re

.Many mdnagers,ﬁ:erators and maintenance personnel feel confortable that
d

ndents weré aple to report a centage of savings without referring to
records. Where automatic devices or systems have been’ installed to manage
™ energy consumption, this "hlind faith® 1s even more prevalent. In the few
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’ FIGURE 3.7 ' . ’ S
IMPACTS OF ITORING ON ENERGY PERFORMANCE ) : //rf‘
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IMPACTS OF METERING ON ENERGY PERFORMANCE
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cases where energy\budget$ have been decentralized and management authority
has been placed in \the same hands as the operating and maintenance respor%i—
er

bility, there appedrs to be more dynamic monitoring which produces bet

results. This topjc is discussed further in Case'Study F.
: e

Maintenance and Monitoring Contracts
Cdn Entail Pitfalls S e

Long-term n;ain-te‘nanee/mbnitoring-contracts for ECMS involving changes to (or
addition of) mechanical equipment controls can not always assure proper

functioning and optimum tailoring to the facilities' needs. Observations and -

discussion of the functioning of such ECMs has disclosed that improper mainte-
nance and/or_monitoring can cause significant differdnce between theoretical
and actual performance. * Fer example, in one case controls that function only
fn the winter were installgd and set in the summer. Problems reported during
the winter were adjusted; the following spring. The next winter the same
canplaints still existed ‘and were observed during the site visit to be of a
nature that probably could not be corrected properly except during winter
operation with actual dt load” conditions prevailing. The result was poor
energy conservation resplts existing long after savings should have.occurred.

- /
In some cases, the onssite personnel are not considered sufficiently capable
and/or are specifically directed not to concerny themselves with the mechanical
equipment and controls. The incentive to obsefve and report apparent. ineffi-
directly affected.. In other

ciencies, let alone .
nominally qualified by edperi-

cases where the on-
ence and position,
controlled due
willingness and ti

take any action, is thu
ite personnel appear to

lack of analytical instrumentation and/or insufficient .
to"obtain the optimun settings experimentally,

‘One school that contracted with a “local maintenance serv'ice company to per form

periodic preventive maiptenance throughout the school did not assign anyone to
monitor or judge tne contractor's work, or to coordinate appropriate equipment
operating procedires and- control set-points with. the school personnel- and
mission of the facility. a result, money was being paid for ineffective
service, as evjdenced by the following seven items noted during the site
visit: dirty filters, overflowing cooling tower basin, classroom gas unit.
heater pilots Jeft on throughout the summer, domestic Bot water heater set at
max imun temperature, cooling of unoccupied areas to 65°. F, empty refrigergtor
set. to lowest/ possible” temperature in swumer, and water coolegs operating
during unoccupied summer periods. = _ :
The implication.is that management of an organization must be motivated and
knowledgeable in order to select a professional maintenance service that will
do more th react to broken equipment. Managers must either know how to
select a guitable contractor, or must ‘provide well-defined performance
requiremenfs. and continuously follow up the contractors' actions until assured
that work /is being done 'in a manner that will maximize energy savings.

A viable/solution to increasing emergy efficiency from complex control ECMs is
to recognize the need for more highly trained personnel to cohduct follow-on .
measurements and correctigns than is normally needed whep _only operation of
the eqyimment, not efficiency, is the objective. This regquirement can De met

L) : 338 . &0 ' p) )

ARG

here are still questions of how efficiently hardware is
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" ~din several ways but all have a cost. The gost/benefit ratio should be care-

fully assessed before such ECMs are incorporated.. If no solution can .be

. provided it ‘may be better to diyert the. proposed ECM money mto even 1qnger
payback projects that require no c'tose follow-on attention. - .~
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. participating institutions. Additional benefits cited include: training

' monitors), and generation .of basic data bases on building. profiles an

. eligible facilities. .,

NHAT SECONDARY GOALS WERE ATJAINED? b | : N\

The ICP achieved several ¢¢°its secondary goals. ‘In general, they fall. intd
two categories: (1) the stimulation 3f energy awareness and. conserfyation
‘activities, and (2) a widening of interest in energy conservation ‘and a
concomiant growth in technical expertise. The pursuit of 'a’ third
cjoal_;-con eration ef solar and other renewable resources--yielded uneven
results. ' . d ' ' . '

* / -

The ICP Has Stimulated Egergy Awareness and
Energy Conservation Ncﬂ%ﬁges A

b

- .

&
Y P

Throughout. the site visits it was observed that the ICP has, been effective in
" pramoting energy conservation- programs. in schools and hospitals. Evaluation

data that support this finding are shown in Table 3.8.-

‘As .Table 348 indicates, 72$‘ of the grantees would not have been ‘involved “in

energy coaservation without the ICP. When ECM cost effectiveness data are
examined for‘ schools .and hospitals (see Figure 3.9), ears that for
institutdons that would not otMerwise be involved in energy-conservation, the-
Program provided a .necessary financial incentive. However, the energy savings
data suggest that those ECM grantees who would have instaMed their ECMs with-
out the ICP may have had a better understinding of .the more energy efficient

" ECMs, since overall, this group achieved Wigher' energy savings, .

In summary, the ICP is effec.tive in réﬂucing energy’ consumption in schools and
hospitals, and in assisting these institutions develop enefrgy conservation-

programs that 'are likely to be sustained with t’h'eir own resources. v . - '

ICP Has Resulted in a Widening of Interest . -, - . IR '

In E"‘*E?! Conservation and a Concomitant . . P e

r n lechnical Expertise - . " 2 oL b
In aintic{n to the emergy savings assozziated with the I(‘..P,."eyaluation data

reveal that' the - Program 1{s attaining. a- number of additicnal goals and

objectives. At the administrative level, State Energy Office (SED) personnel
reported that the benefits-of the.ICP extended beyond actupl fuel savings ;%.

support ;of energy. conservation specfalists {engineers, auditeg)_, and .
r .energye -
consunption on a State-by-State basis. : e

In addition, several States have initiated energy conservation programs as a
result of the ICP. Although designed around the ICP, thése State programs may’
include alternative funding mechanisms such as low-interest loans,’ revolving . |
loans, and shared savings, as well as direct granmts to instituti%n%. SEDs
also noted stimulation, of interest in the energy savings potential in non-

.
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. Analysts Couldn't Agree-on the'
Tost Effectiveness o ar ECMs :
s / -

"_ Because the ICP required the cofisideration of solar and other renewéblg energy

measures, States usually gave extra credit to §hose applications daring grant
ranking and funding. Despist’g this extra credit, few TA analysts were able to
justify applications due tb' the long payback of such projects. However, the
site visit teams found that whereas most TA analysts projected a very long
payback for a particular solar project, at a few nearby institutions the same
project had been funded. For example,. in one. cagesa TA analyst concluded that
solar heating of a school's indoor swimming’ pool would have a 46-year payback.
At another school within 30 miles, the analyst7calculated a payback of less
than 14 years, and sorl_(r pool heating was recommended, approved, and
installed. T :

TA analysts in another State were generally in agreement that solar heating of
damest ic hot wWater in schools would have an excessively long payback. - How -

. ever', one analyst found the payback to be quite short and recommended this as -

an ECM. The ECM was approved and install
'so1ar projects bad been approved in that Stat No instrimentation or other
'means of performance evaluation was included planned, so there was no way
“for the school to determine whether the solar (project was effective. Further,
there was no provision to pr‘thhe appropriateness of the analyst’s unique

recommendation. '

even though virtually no other

¢
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. ICP CASE STUDIES |
In addition to the quantifiable data on fuel consumption
.in institytions and the qualitative and admninistrative
details of ICP participation, each institution visited
provided interesting information on the attitudes and
behavior of building occupants and users, as well a e
. insights into the impacts of these attitudes and bepdvior
on energy conservation. Although extensive cdotal
information 1is beyond the scope of this /report,
institutions that represent a mix of survey delivery (EA
. or ECM), institution type (schobl, hospital; local
N government), size, and locatiori, have been selegted as

‘ case studies. These cafe studies support sPetific
evaluatien findings, describe the technical application of
03Ms and ECMs in combination with daily ingtitutional
. procedures, ‘and h¥ghlight the ICP experience in these |
s ingtitutions. ‘
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CASE STUDY A:

VENESS OF A CENTRALIZED CONSERVATION PROG

BUILDING LEVEL

Institution Type:
: )

Location: o

Size:

Latest ICP Phase

Completed:

EUI:

Fire station

Base.:
» Latest:
Health clinic

¢

Base:

Latest:

« |

Savings:

Information; ,

e

. 2 local government buildings

(fire station and health
clinic)

Large urban "area

Fire station: 6,912 sg. ft.

Heajth clinic: 986 sq. ft.
EA

' ~
126,591 BTU/Fte/yr

256,636 BTU/ Ft4/yr

2
2

156,825 BTU/ft™/yr

“ .
133,884 BTU/ ft/yr.

fire staQﬁon = - 103%

*

- ,
Hga]th clinic = 14.6%

Fire Station EA°completed:
a/80 , . -

Health Clinic' EA campleted:
10/79 o

&
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Thé city's energy office, which has been in existence since 1975, coord inated’

the ICP.

60 local goverrmm‘?buﬂdings as

selected for EA sig& visits.

Purchasing authority and the research efforts of the energ
city the ability to buy epergy-saving eduipment at reasonable

A knowledgeable energy manager was appointed to conduct EAs ai over
part. of the ICP, and two bujidings were

y manager afford -the . -
prices. :

For

example, the manager discovered that it was cheaper to buy a 4-lamp, 2-ballast .

fluorescent f®ture and comnect only 2 lamps .and 1 ballast than -to buy’a.
. 2-lagp, 1 baliast fixture., °~ ° - .o .
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However , the manager has no direct daily authority over personnel who operate
a variety of buildings. The rEﬂ: was that more energy was wasted with poor
daily control than the manager Was saving through special purchases. At the
fire station, all window air conditioners were operating to produce chilling
temperatures, and lights were on in the sleeping areas in the morning, even
though no personnel were using 'the area. ' In addition, incandescent lights of
excessive wattage were 1it in-stairwells during the day, despite the

avaﬂabilit{ of sufficient daylighting. These wasteful habits revealed an
alarmingly high increase in energy consumption. . g ‘ :

Although the health chinic operates om a schedule that varies from week to

week with other-clinics in the city, a swmilar lack of 04M eFforts was seen.
The HVAC system is operated by a time clock that could be reprogrammed each
week to accomodate schedule-changes. However, reprogramming is .not done by’
building octupants, and the evaluation team observed it operating all day on
the day the clinic was closed. In addition, high swattage incandescent
fixtures in the bathrooms could haye been reduced, replaced with a flyorescent
fixture, and’or connected to a timer switch.  Although the clinizr did ‘manage
to show a savings, it is likely that the results could improve with increased, .
0&M efforts by building occupants. ' g (
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CASE STUDY B: TOP LEVEL MANAGEMENT THAT IS CONCERNED

WITH 0B G ENERGY SAVINGS USES DECENTRALIZED AUTHORITY - *
JR TMPLEMENTAT NIDE RA OF R \ S
Institution Type: School (4 sc.hools in a )
' district) o
" Location: - . " "% Rural county
* Latest ICP Phase: OECM - , :
~  Savings: | 0.’2%“'(aygrage of 4 schools) -

P.rogram Informat ion: . At EAs:’cmhpl&ed by '12/79- 1

A = A1l ECMs campleted by 3/82

-

A L] 3

. Total project costs: $108,994
- . : : *(total of 4 schools) | .

s Installed:’ T Storm windows
Boiler controls

HVAC congrols - 1

: ' Lighting modification o
: s~ Window modification N

. _ Energy management computer
systems (2 schools only) N\

' - -, Air onditioning retrofit

S

Y

- r .
The school system's a‘dmini;)trat%? was concerned with ‘ways to save energy
dollars and was reasonably well informed on general technical methods.

However, his management approach is to allow each principal to handle the task

ii his own way. An added incentive to principals was that{the dollars seveq
through energy conservation were returned to the schoo1$. R ‘

The result was considerablé daily awareness of energy results in one,school,

but many procedural oversights and little impact dn energy in another. For

example, the ptincipal .at one high school was very enthusiaspic "about saving
energy. He reported that he continually looked for additional 08Ms to the
point that he receisved camplaints from parents that water coolers Nad been

turned off. The ECMs installed through ICP included insulation- in teilings

and floors, air conditioning retrofit, “and window reductions.  The dollars
returned to the sahool from .the savings of the ECMs and active 0&M efforts
qllowgﬂ the principal #o purchdse and install ‘wipdow shades throughout the
school . ‘ ‘ .

»

) . R - . - s
At the'middle schoql“n the same -district, minimal 0&M efforts were observed,
‘and in fact, poor operation bf E(Ms was seen The evaluation team observed
overlighting fp unoctupied, aceas, where natural’ lighting would have sufficed -

even if the area was occupidd, -~ Over-cooling of classrooms was evidenced by
. . . . ‘. " e N J

- . . 4 - * 3 . o)
. .
. g . 3"46 * : : 89
a R . ’ . ’ . e .
L J “ \ . . s : [N Yo
- . )‘ . . . _/ ) . . .' R Y ¢.
. * . M 'I"-i‘.&.

-

L v

"



: .
~
-4 [y « [

doors open to the outside and students complaining of the cpld. Furthery it
was discovewed that air conditioning units had been installed in a manner that
. precluded easy access for maintenance, and thus, filter changes and regular
maintenance on these units was rarely done. Data analysis indicated that this - .
school had, in fact, increased its energy consumption by about 4%, whereas the
high school-discussed above achieved a savings of 25%. ‘

.

4

~In summary, the school system administrator failed to\na}yzé adeq'uate}y the
total energy results by school, in order to monitor-&he practices. of each of-

. the school principals. Potential methods fof improv‘fng energy management and-
a results were not shared among the schools. Total do)lar changes were reported
to the principals, but no attempt was made to inform all the principals of the
energy saving practices at the most successful schools, Consequently, savings
varied dramatically by school.. e ‘ ' '
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. CASE STUDY C: ENERGY SAVINGS ohmg%mgl MAY BE MISSED
. S ARE BUILD SPECIFIC = =
OR_IF RESPONSIBILTTY FOR ENEREY PRUGRAMY TS NOT DELEGATED .
Institution Type: - 11 schools (10 'elementary,
. P 1 high school) -
¢ Losation: ‘ Large urban area
Size: ‘ - ¢+ Smallest school is 10,536 \> !
. ' X sq. ft. A .
! ) . Largest school is 288,724
‘ 'sq. ft. o *
4 Latest ICP Pha)e o . C o
Compieted: - ECM Lo o ; b
! * i ) . .-. /
Savings: ' “-2% (average of 11 schools) '
Program Information: EAs, for all schools completed:
: } 12/79 " —~— !
) ECMs * for all schools c'ompbted: ' " T
3/81, L s e .
. AP | L Project cost: | '
) . Smallest project: $6,460°
Largest project: '$52,676
o EMs Installed: | © Boiler contrpls © 1.
. + HVAC controls - . oo .
— . ' ,, Vestibules . = . A B
: Water fio® restrictors =~ .

In this particular school district, 11 schools were selected for 'site visits. «
This case study illustrates two findings: to maximize edergy. savings, .

building specific ECM recommendations:need to be develpped,, and responsibility. ~ .  °

for 0&M authority is most appmprriatejy delegated to maintenance personnel., -

* A1l TA reports and ECM recommendations were made by a:singlé engineering’ firm..: -
Although TA reports provided appropriate calculatiohs, it became evident that «
! similar- ECMs had been reconmended for all ‘the schools. ' In this sftuatjon, it .
may be argued that specialization (emphasis on ECMs with which the-analyst is
most familiar) can produce better engineering ‘analysis within the given time
and dollars allowed for ‘the TA. On ithe other hand, this approdch .tended to
. foster non-creative and les$ cost-effective sqlutions. The greatest harm. came’

from an apparent tendency of the analyst to- ferce certain solutions upot all

~ buildings. -Although the solution may not have been’ inappropriate, it may hot
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have been of the'highest%riority in terms of initially saving the most energy

for the least_cost. The priority of a given ECM may easily differ among’
buildings, ewen though the buildings appear similar. Building utilization,

maintenance conditions, and occupancy differences are only a few causes' for
this. In this school district the résults are amplified by recognizing that
within a single district, building utilization and maintenance procedures do
appear relatively consistent. However, data analysis revealed that energy
savings varied widely among the.schools. Six of the 11 schools showed
.increases in energy consumption, while 5§ of the schools achieyed a savings.
Overall, the disgirict showed a 2% Sncrease in consumption when corrected for
weather variations. It is likely that savings may have increased if the TA
“analysts had evaluated which ECMs would benefit each institution the most.

In'addition to having the analyst recommend similar ECMs in each school, this
district exemplifies the finding that centralized management of energy
programs may reduce the savings potential in individual schools. During
building walkthroughs, it was learned that maintenance staff had been
* instructed not to concern themselves with energy systems in general, and the
EGMs in particular. | )
R lack of ongoing O0&M efforts was observed--for example, domestic hot water
. heaters were "set at maximum témperatures, filters were dirty, and intake of
outside air in ventilation systems was unbalanced--even though the maintenance
staff would have been capable of attending to the 0&Ms. In same of the
schools, the maintenance staff suggested” 0&Ms that they thought they could
undertake, if only they had the authority. Because of the lack of energy
savings throughout the school district, there is no question that the schools
would benefit from the delegation of O0&M authority to the maintenance
personnel . : ‘

™
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CASE STUDY D: GOOD MANAGEMENT LEADERSHIP FOSTERS : ,
Institution Type: , Hospital |
[ ‘ ~ : . * . ‘
Locatibn: . Large urban area’ '
Size: . 510,613 ft° ~
1 building with several wings
Latest ICP Phase ‘
" Completed: EA in sample, but _
subsequently completed ECM N
Y . . ' - "
Savings: ' 5% .
EUI: .
. . Base: - 4 606,311 BTU/ftZ/yr '
Latest: 575,998 BTU/ ftZ/yr
& Program Information: EA, Comp:ﬂeted 8/79

Although this institution was selected as an EA site visit, it actdaﬂy had
received an ECM grant subsequent to the sample selection and prior to the
visit. However, the energy results from the ECM did not occur until winter
1982-83. : '

There had been numerous excellent O&Ms and energy conservation ‘measures
implemented at this institution over the past 5 years, by the current director
of facilities. During this period energy consumption had been reduced 30% on
a BTU/ft® basis even though new energy-using equipment had been added.
Because of considerable energy use reduction prior to the EA of 8/79, the .
reduction since then. has been only 5%. The key to this. achievement is clearly
.the strong energy-oriented leadership of the facilities director. - Many
common-sense procedures have been implemehted, good preventive maintenance ,is
evident, a computer monitoring system. is being used effectively for daily
assignment of mainfenance tasks, lighting levels haye been reduced,
temperatures have been optimized, and proper operation of boilers and chillers
_is being observed to get maximum hardware efficiency. .
This facility has documented in 'exceﬁ‘ent detail its energy data from late
1975 to the present and has produced written analysisfaf the trends. In spite
of this unusual level of recordkeeping, continuoss building and energy system
changes make it impossible ,to apportion credit for energy use reduction: to
specific O&Ms or ECMs. : c . ’

. | . : ;‘r‘ “” "‘ -
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future, this institution shou

‘ .
e '
. .

~

The recently completed ECM (heat recovery chiller) is expected to decreasg
energy consumption significantl{ during its first winter season. In the

d provide interesting energy consumption
results, as well as adequate data and system monitoring with which to analyze
the improvements in the building's overall energy efficiency, since there is a
high level of leadership”and management interest in fostering energy
conservation. . b

+

~

’ . | | , . . ‘ ‘, . . \\m

-
n . '
‘ &

-»-
-
b ) T ‘ \
\ .
“h. ’ o T “
Lad (S Ll v
v
( )
-
. ’
.
¢ -
‘ ¢
1
.
- .
-~ N
P
' . .
. .k v
. 4
)
"N\
+
. B ”~
P .
L4
8
' 3-51



i

Institution Type:

.~ Location:

.

ECMs Installed:

Program Information:

. EA completed:

High school  ~ . -

Large suburban area

Size: 640,000 sa. ft. - [
‘Lat.e‘st P Phase |
. .Completead: ECM
| E'UI:T ’ | Q
Base: ] o sy
; Latest: 134,154 BTU/ Ft2/yr )
Sev'/ing s . 36% .

11/79
ECMs completed: 12/81 .
Total project cost: $379,457

Boiler interconnect system

“Oxygen trim controls

~ Steam trap replacement
Pipe insulation ‘
Lighting modjfications .

/arch’ztectural/engineeri

bt > 1

Jhe evaluation team met mth the school's facilities director and TA ana’pyst
Canplete energy records were provided, as was a written description of ICP
experience, by program phase. o

The facilities director reported that the EA was valuable to the. school

because it caused staff to look at opger

ating systems and procedures frcm‘the.
perspective of energy consumption for the first time.

In many instances, -it

. identified cause-and-effect relationships that they had not recogmzed

previously. - _

The, TA analyst .was selected after 1nterviewing representatives from several
firms. The TA process was vig
usefal. Not onu did 1t establish the cost-effectiveness of edergy
conservatiop options, but it also served as a source document to determine
.. priorities and budgets for work that could generate enough Savings over a
reasonable perjod of time to recover costs and effect real savings 1n energy
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and operating costs. The criteria ciied by both’r", spondents for selectidg
those récommended ECMs for which ICP funding was soug‘& included: (1) payback
period, (2) practicality in relation to facility usage, and ‘3) operational

practicality. ‘

. : - . L
The primary ECMs included a boiler interconnect system and installation of

oxygen trim controls. The ECMs have allowed a complete change in the school's ~

heating system by disconnecting the school'’s original boilers and operatin
smaller, more efficient boilers in the annex building. The projected cos
sav ings for the boiler interconnect and a variety of other ECMs was- $51,600.
The respongen& reported that within the first year of operation the savings
$
an

was over 0, since it became possible to eliminate one full-time boiler
‘room main position and another part-time position. Data analysis-hasg *
shown that thecgghooﬂ has achieved a 36% savings since beginning its- energy

program. ‘ ay

By maintaining an ongoing successful relationship with a highly mo‘ti.véted.' TA -

analyst .and maintenance staff, the school keeps up-to-date ‘records of energy .
_ conservation. At the time of the site visit, the staff-was developing ' a
' concrete plan for future conservation activities. C .

v ' .
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", ,. " CASE STUDY F: INSURING THAT ECHS ARE FUNCTIONING PROPERLY -~ . |%%&
g B AND AN AG y 0 s SAV Y Lo
s / ) ) ‘ . . ‘ v .
' .‘ : ) 3 * 4 ' - " . \"J
{‘utw_on Type: -7 # Schogl (elementary) - ‘ | \
~ Loca on* \ . *‘_‘ Small ‘zfura}‘tpwn‘ . .. ’ ' |
. Size:’ o . 25,440 square, feet"j 1 building
LaL‘E}f. lhr.r:lldac | . ' . o
. Compleied;“ - _ ECM . ) |
. T be . ~ ’ f 0
- Base: - - 139,188 BTU7ft2/yr - )
Latest: .. 103,133 BTU/ ftoyr ' o
FY . . N - . . M .
T Savings: A : N 18.5% - - v
- . ' .
o Program Information: _EA completed: 8/79 | -
- ECMs fompieted:  6/80 ' : d
: ’. _ Total project, cost: $5,523 .
. ’ - T ' ~
: ECMs Installed: 35-watt.-fluorescent bulbs -
; b ‘ _ - . v schoolwide . ' -
- ' . * Y R .
e ) T ) o Enérgy Management Control | o
. , , ' ' System (EMCS) o ,
¢ , B i . a . 7 . -‘ .4 )
[y — , < —,
. o ., 't .' . . . ~
This elementary school’was sefected as one of four schools in. the district
that participated in the ICP. The primary respondent .for the site vigit was
the district/s superintendent, who has kept detailed records of ICP
expenditures and installation sapedules as well as accurate energy consumption .
data. Atcording to the superistendent, th® district ‘hds been involved i
. energy conservation since the .early 1970s, due to building renovatiqrs and the. -
risjng costs of emergy. At the district level, an energy committee has been S
. ‘formed to examine future energy. conservation potentials in the schools. ' ~
~ » ‘ . . ‘ . ‘ . .o
. During the intervjew it was dtscerned that fort 2 years. following ECM
o~ installatidn, the school actually.increasdd- ¥ts ‘energy cobsumption. [t was

also léarned that the current principal had been at the school for less than
one’ year. ¥inal data analysis showed that the ,school had,. in” fact, begun
—7 «  saving energy after "the .mew priscipal's arrival, and, had saved 18%° since
. . : : : e

participating in the ICP., |

During the building walkthrough, the principal informed the evaluatioﬁ team
that’ the EMCS controls had, beenr set and he had assumed there was no 'need to
change them. He had discovered’, however, that energy systems were.cycling on

. v _
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“institution, it may be seen that effective monito

& I - ~ . \ . . )
during - vacatwn perwds, -and that dir condxtmmng was set‘}to cycle on at 5 OO

a.m, - The: principal,, therefore, learped the procedures for operatmg the
system and reset timers to reflect achual schoot? schedules.

"™~

The principal's dnterest in enerqgy conservatmn was further evidenced when the '

, evaluation team pointed out energy saving, 0&Ms diring the . building )
f‘walkthrough. Heating vents locatéd directly inside the building entrance were

blasting hot "air, which was desirable on.cool falt mormngs but unnecessary

. as outside temperatures rose, and classes were in session. It was' ,recommended

by the evaluation team that these -vents be_‘closed off -campletely, even 'in
winter, since schoo] children entering- \or- leaving the building would be
dresse:i warmly.® It was- also suggested that an. overlif empty all-purpose
room/ cafeteria be monTtored to maximize natural hghtmg and minimize
artificial lightipg. The school priinc'ipal showed enthusiasm for the various
0&Ms' thht it would ‘e poss1b1e for him tmco‘ntro}‘ -

¢

Several months foHowmg the s1te visit, the principal.voluntarily reported to

thé evaluatibn team -on the progress he had made. He had begun monitoring-.the

.school's energy consumption, “although he had been unab]e to compare it with

previous years at that time. «Hé.also reported that not only was he sure that
closng. off "the hallway heat vwents:had. reduced consumption, but it.had been
successful in curtailing 101\&\

ng  in the halliways. In addition, his

monitoring of lighting levels in “the cafeteria had led to“inquiries into the . -

ability to reduce 1lighting levels school-wide. irom the example of this

increase, energy- sayings. = i ‘ot -
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. CASE STUDY G: CONSCIENTIOUS O&M EFFORTS PRODUCE SIGNIFICANT SAVINGS -
- ‘ . - ! = . . ’ ‘ b
i ‘Institution Type: Local Government (L.ibrary): . .
o . N . ’ r -
*Location: - . . ~Small rural.town o .
‘Size: . . 3,366 sq.. ft. IR
Latest ICP Phase ] Do
Completed: .. EA \ ¢ '
. EUL: . .
’ Base: - . 1lo,424 Bpw/siZ/yr o 1\
: JLatest: . ' 84 667 BJU/ft%/yr
. ' Savings: | 23.3% " ‘ '
S Progyam. Information: ° EA Ccmpleted 7/80 Y .

-~

. . :
Th1s facﬂﬂ:y uses only electricity and’ nafural gas. it is a very old
residential building that was- converted to serveé as a 11brany ) y‘

The EA suggested 0&Ms of the conventional kind such as reduced thtmg, A
closer controt of temperature seltings (fo.r both. occupied and unoccupied # .
space), reduced hot water and improved maintenance for the heating equipnient .

“‘. o Fuel consumptwn data avaﬂ Te in very c%g,mplete form for several years

N disglgsed a 21% energy reducti frcm the '78 bgse period to the '81-‘82
period. !

< The respondent for this EA site visit, the 11brar1ah was 1mpresswe in her

energy knowledge and persistence in mamtammg 0&Ms. Ouring the walkthrough ~
- ' portign of the site visit, it. was clear that O0&Ms were effective. Air
' “conditioning and lilhts pperated only in two occupjed rooms. The. 1ibrarian
had reduced lighting levels in. all rooms, installed: vi‘nyl storm windows, and
turned off the hot water for the summer,
- ! ..,a.,a‘\ s
Being a 1oca1 govérnment building, this institutidn was rot.el ig1bTe for ECM . .
- * funding.- In addition,-€factors such as building age and hours of occipatpon
' would drastical® 1imit the affectivenest of capital wpend itures for engray
| . consérvation. However, this 1library serves as a sffining example of "the
* significant achievements that are possible with the s&mples-t of 0&Ms men ﬁpy
. are -consistently pursug:l by enthusiasttc management ﬁ,’ . e
) ‘ ~ .. .. . S e .4 '

v .
. § . "‘l
* ‘ RS LS I
' ~ . : S e g L&,
, - . , w ¥ i'- i

\ x , Y]
&’ R JE »
‘ ; | 99." .
: . 3-56 | ) -
. N L
N . [ 1y }-'{} a



- J . ' N ..‘ ! Yy -
. .

- - ‘ ‘ - :
}E.SWDY H: SUBSTANT 1AL ENERGY SAVINGS MAY  BE DUE TO THE CONCURRENT
.CORRECTION OF POORLY MAINTAINED SY ] WHEN ECMs ARE INSTALLED

I

t

»

. Institution Type: - Private High School
' Locatyion: : Lar;ge Urban Area’ ]
Size: - , . 55,941 sq. ft. - ‘
- ) . . e o N 2
" {atest ICP Phase L e
X Completed: o ECM : ' , \
*EUI: , : o ‘ : .
gase: ~ — -7 109,991 BTU/ft2/yr | ' .
Latest > . 71,345 BTU/ ft2/yr - ’ -
|-, sawings: . 3.2 . t '
. . . . ¢
Program Information: . " EA Completed 3/79

. TA Completed 6/80
‘ . ECM Completed 2/81:
. : . . Project cost: $62,245

ECMs ‘Installed: - . . Ceiling insulation T
. "Boiler modifications
v o v . /t L}'ghting quif'cation
. . . Window modificafion
' . ' Themostgt' controls

i

N

In this high school the heating system had becomé so ineffctive that students
q. had to be sent hane on very cold days. The TA was performed independently and
a credit subseguently recejved under ICP. This was a first experience .in
federdl grant application procedures for the school management, and that was
felt to .be the cause of failure to receive a hardship grant.  Matching fuids
. were obtained in a unique manner. Stock in the school (contributions) was
~soid, bake salas were held, and a local foundation made a major-.gift. The
) management was véry pleased with’ thee ECM results #oth with respect- to comfort .
‘ \ " and to the major reduction of utﬂity‘ cost savings. - i
‘The ECMs installed consisted of.128 thermostatic control valves on individual
radiators, a night setback tiMe ck, ceiling insulation,; a light-colored-
ceiling and ‘sodiun vapor 1lighti for the gymnasium, fluorescent 1ighting
throughout, and boiler dual fuel burner replacement with conversion from oil

to gas. .. .

. . ' A f

The. energy consumption from the base year  of 177~'78 to the -post-EEM year of

'81-'82 dropped 31%, after’ correcting for weather variations.> .There were no

apparent Wawa, utilization, or pnergy-using hardware.during
< the inter i : _ ‘ : 3 57. 1(,4, . .
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This case suggests a factor that cau]? have exblained part of the.'significant
ener?y results. The #5 ojl-fired boilers had apparently reached such a Tow
Jevel of efficiency, possibly through neglect, that minimum heat condition$

contributed a uiajor portion of the subsequent.energy reduction. Since the
burner conversion ECM was done on a seemingly inefficient heating system,
there is no way to now assess the division of credit between the ECMs and

" for human occupancy could no.longer be maintained. . In tHe process of the,
boiler burner conversion, general boiler clQanup and adjustMent may have

04Ms. However, even .if good'preventive maintenance is not .avaflable in the-
future, the change fram oil to éas‘ will Prevent boiler efficiency from

declining as ‘rapimy as it may h\ve in the past. ‘
Of the 31% overall energy reduction, consufPtion of fuel for heating fell 23%

and electricity use fell, 46%. Due to ,the type of heating-system, almost no
electricity §s consumed in the heating. process. Therefore; the. 46% electrical

reduction appears to have Ttome mostly Wom the 1ighting changes. Of these -

changes, the sodium. vapor fixtures in the gymnasiun were ‘probably a major
contributor, and were observed during't_hec.sit,e visit to provide a very

-

attractive form of lighting. ' : , . j y

.

In %i’s_institution,dCP helped to reduce energy consumption. Although it was
qui evigent that boiler replacement was imminent regardless of the
availability of federal fungs, it is likely that an overall energy
conservation program would not- have occurréd . in the institufion. Therefore

even though the suctess of the boiler ECM actually may be due ‘to the

.correction of a poorly’maintaiﬁed 'system, this, institution's ICP participation

also has brought valuablé energy conservation knowledge to the

institution®s
occupants, mapagers, and maintenance persofnel. -
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The following 5 case studies summarize the}

v findings of the detailed follew-up site visits.
.o As may be seen fran these case. studies, the
r\f;turn site visits permitted- an in-depth analysis
of the grantees complex energy systems and their
« . overall bxln']qing energy efficiency. :

-+ . | These follow-up visits indicated that there were
. no previously overlooked ipstailation or
operation discrepancies. Therédfore, the amount
Lof time and the general techniques used at each
of the griginal site visits appears to have bden
adequa to disclose the key findings ¥eveloped
: . : by this evaluation. Predise quantitative
bt explanations for greatér-than-expetted post ECM,
conswiption did not 'result from these return
visits. -+ However, the individual case' studies
describe in a qualitative sense the most probabile
causes in each case, and the circumstances which
\preclude more precjse determinations. The
addftiongl " site visit time also provided an
opportunity to review the energy data being used
Lot for the evaluation in more detail with the
institutions. ' This resutted in Some minor data
“changes, but the overall conclusion in each case
essentially was unaffected. .

1
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"'This facility provides classroom and Xabbratofy space for the University's

Chemistry Department. The energy needs of' this building” are edpecially
impacted Dy the continuous air ventilation requirements -from the laboratory
areas through a multitude of vent hoods.’ sAlthough the occupancy of the

* building ¥s not continuous, hood ventilation.must be continuouk to protect the

ongoing laboratory experiments. : ,

? Sk !

Because of the. year-round ventilation regquirement and limited- opportunity to

cycle-off, systems for energy conservation, the selected ECM was an exhaust air
S ’ ’ . . e i , . "

-~ R s &

=
E

Institution Type: University. F
Location: ' Mediun size urban area :
. . ' " «
y Size: 92,670 square feet ‘
: ~ : .
. : _ .
EUI L »
. ) 2 L
Base: _ 482,615 BTU/ft"/yr. -
Latest: ’ 540,675 BTU/ ft2/yr .®
Savings: (-12%) .
' ' - ) |
Program Information: EA comfieted 9/79 ‘
' - ECMs dompleted 6/81 .
- ~Total project cost: $254,000
ECMs Insfallad: ' ‘ Ventﬂat%on.exhaust air
' heat recavéry system
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_heat recovery system. This project, compieted in mid 1981, replaced aout 24
roof top exhaust fans with two collector duct systems and- four large exhaust

. fans. Nine of the exhaust fans handling highly toxic laboratory-areas were

. excluded. fram this system.’ ' o, .

+ .The energy sources for: this building “are Steam provided by a campus central
. electric generating plant plus electricity. The electricity’ consumption -is .
: 1otered at tho chenistry building>but prior to the FECM jin<tallation the <team

) -meter for .this butlding was inoperative. - Durina mid 1981, the faulty steam
meter was replaced, so accurate co ption been available since the ECM
was installed. Cal’culated *best” estimates of steam consumption were usgd for
.the pre-audit base year of 1978. P : :

-~ Comparison of the pre-audit and post-ECM energy data shows that steam energy
has been reduced but electrical energy has increased by a greater amount so

’ that the net result has been an energy increase of 12%. In this facility,
steam is converted to hot water for all heating of space plus damestic hot
water. It is also the energy source for air conditioning, using steam
absorption chillers, Electricity is used for the fluorescent 1lighting and alil
water circulating pumps and air movement fans. A small electrically driven

* punp was added as  part of the ECM exhaust heaf recovery system to circulate
the glycol/ water heat transfer m'ediun between the exhaust air and outside air
heat_exchange coils.. . )

Atthough the on-site oper*ing and, maintenance personnel monitor the heat -
recovery system to be aware that its controls cycle it on approximately when
the design conditions should dictate, there has been no measurement of the
gquantity of heat being recovered. Thermometer test fixtures' that would permit
measuring the amount of heat béing recovered »were installed in the glycol
circuit but they have not been used. The system is assumed to be recovering
exhaust heat betause higher supply temperatures  are now"available during very
cold weather than used to be possible. This is a qualitative observation by
oe-site personnel ,in the absence of any quantitative measurements.

' .
By reviewing electricity and steam consumption sepanately, it can be- seen that
the post-ECM steam consumption has decreased 30.7% but post-ECM electricity
~us¢ has sincreased 25.5%. The overall 12% total energy increase is due to the
fact that about 5.7 times more etectricity is used than steam.

Although no exact \»re-ECM air flow data exists, it was’ alleged that many of
the original vent hood -air flow rates were. less that the original design
intention necessary to meet health and. safety requirements. Buring the ECM
project, these flow rates were increased by .speeding up the two! air” Handler
‘supply fans that introduce makeup air into the bufiding. The new exhaust fans

were then adjusted to produce the corresponding -balance of internal - air
. } . - ) - T, » o
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pressure ard flow. This certainly would fend to increase the Building's
electrical consumption, but whether this is the major cause of the post-ECM

increase can not now be.determined. [t is also known that additional .

electrical laboratory equipment was transferred to this building from.another;
but there is no available docupentation to reveal the energy ;impact of this
equipment. , ’ ' ) :

The principal f'indings were : R

\a. This facility is now consuming more . energy. after
installation of an EM project™ that cost a go‘t of.
$254,000. Because - of inadedquate. documentation,
meastfrenent, testing and subsystem monitoring it’' is not Q\
ssible to ascertain the cause accurately.. There .issd °
possibility that the increase in air ventilation rates I
incorporated during the time of the {CM installation plus
laboratory equipment "additions have increased energy use
more than ,the heat recovery M has reduced .energy use.
whether this ECM.is achieving its projected, energy sav ing$,
even thoughvoutweighed by energy increases el'sewhgre in the
building, has not been determined. ‘

b. A relatively inexpensive instrumentation effort could  be

‘ used \to measure the heat being recovered. The high cost of
this ECM would justify such instrimentation ssure that
a reasonable payback fis achieved. It would aiso
confribute, to corservation technology and the [University,’
valuable knowledge about whether projéct® savings can be—"
attained from heat recoveriy designs using certain hardware
and concepts in actual building env iroments. :

- ) | - ' S
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CASE STUDY J: FOLLOH—UP SITE VISIT INDICATES THAT INADEQUATE
ENERGY MANAG ' ‘ ] NERGY SAVINGS
}
h . - . . 5
Institution Type: - High School . '
Location: Snall drban
/ ) v e .
| . ./
Size: | - 87,497 square feet
EuL - ‘ o
. . . 2 :
¢ Base: / . 213,944‘BTU/ft/ /yr. .
tatest: 238,732 BIU/ ft/yr.
. < '
Savings: C(-11.6%)
o £ s .
{ . M o w ) *
. Program Information: EA completed 7/79 , .
' ‘ ECM's tompleted 9/80 .
-, . Total projéct cost $4,000 ‘
v ‘ ‘ : : ’ ) " .‘ [
4 ECMs Installed: — Shop door replacement .
X . Insulation of Faised ends of )
) roaf ’
. - ! Installation of set point -
A ' ) ' thermostats »
6 , - ¥ . . “— -
the twme of the first site visit in October 1982, it was noted that many
OM actipns were needed, such as cleaning filter anping, reducing

dohestic and heating hot water settings, increasing actw1tg«‘by occupants to

. turn off equipment ‘and thts in  unoccupied areas ng setf\ngs of
) o;:tsme air . dampers, uupronqg weathérstripping and adjusting .doors for
+ closing., : ’ .

-9

rd T -

~




4 C. 2
' o Updn revisiting the school in March 1'983. it was found. ﬁhat.-nb change had
‘ occurrred iM\any of”the previously observed. .conditions. In fact, most of the
9, S filters appear be dirtier than before. The coarse -wire mesh inlet screen

er &.central outside air duct supplying fresh air to  several main air
handlers was estimated to be 60%-70% blocked by ‘dirt accumulation. This is
readily accessible for cleaning with the use of a vacuun cleaner. Alsq,

soveral removable air handler filters were found badly restricted with dirt]

acc 1a;ions . Q

[ N
Yhwe ‘data from 1978 through the latest period availabte (mid 1982}, {hdicates
_that personnel efforts .had achieved” an 18% reduction in_energy consumpt ion
from the 77/718 to 79/80 school years. However,.since ‘then, there has been a
gradual incregse resulting in current consumption of 11.6% above the 79/80

' base year. . . . .

' This is the only all electric school in this district of 7 schools. The
remaining (five elementary and one junior high) facilities have a mixture of
gas and electric energy sources. During the school year period from 77178 to

] - 79/80, the total energy consumption in ‘the school district was reduced

- apgro:‘(imatel‘y 15% as compared to the 18% reduction in the 11 electric high

. K school. .

o

) Foﬂowin"g'.are a number of factors that affet energy results in this school:

. ~The maintenance staff, consisting of only two persons for.
the seven schools, appears inadequate for good energy

/ > conservation results.- :
2 . \Custodia}; personnel are assigned to ind#idual principals
‘and are thus not available to the maintenance staff to
obtain direct assistance on stch matters as¥ minor.

\ - preventive maintenance or monitoring actions. Management
e . ) .intends to change this,in ‘the near future. .
. 3. The previous achievements in energy reduction appear to .
, "~ have been largely -the result of direct personal actions on
' ‘ a daily basis by the Chief of Maintenance. Due to the very

small maintenance staff this personal commitment has jeen
difficult to sustain. The diminished focus, of natibnal

[ atter'ktion on energy in:the past year also has contributed -
» to a\éssened commitment Dy even *the most dedicated . -
persons . : . .

L W
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: »4, For .various management and financial- reafons, this schodl
’ . district_d§d npt implement very many- ECM projects in the
high school and thus " the bulk of earlier energy savingd
wére almost totally a function of O08M activities. The
meager maintenance staff has- parely been _able to keep
. abreast of routine repairs and thus preventive maintenance
and constructive energy saving actions have been ver v

marginal. "

5. There 1is -no effective.energy program emanating from the’
Superintendent downward through the principals, teachers, - : .
custod fans 8nd other occupants . , . .

8. This school district has experien,ced‘ disruptions from a
h;ghhtu;ggver of four superintendents since the beginning N
of the . : ’ L : ,

Dedailed review of this high school suggests that considerable savings in both
energy, and cost are possible with very limited hardware investment as follows:

1. Two large air hand1ing wnits” that run continuously to con-

. . trol humidity in a damp basement music room where musical
. instriments are stored could be shut' off by ‘inéxpensive <
time clocks and a portable dehunidifier used instead. T

N

2. Central time clocks vould be installed at three electrical
" panels to shut off individual classroan and central hall
air handling, units that are now being .allowed to run
-.continuously. . ' : /

. - , . - o N
3. Several dozen incandescent fixtures in the high ceiling
s¢entral hall area could be removed and only a few .fluores-
cent fixtures Tnstalled to provide minimum required
_lighting for safety of “personne] movement. . ‘

- }

—

gymnasiun lighting and two large air handling wnits®
could, be placed on .a time clock with a 1limited-time-
increment ‘override switch available for special wses of the . .
area. - : .
! ' ' ‘ “ .
5. The outside air dampers on all air handlets could be reset ’ ‘o
fran their present full open settings to provide measured,
minimum gquantities of fresh air. T

3-64 1_08




-

The principal findings were: .-

a.

b.

\
»
P

. ’ e - '. . L ,
 Electrical demand rate changes and possibly some . energy
consumption codld be reduced by disabl ing. several,. stages in

eath of the .two ten-stage electric boilers. Demaid savings
“alsp could be achieved by adding an interlock control ‘relay
between the domestic hot water boilers and the ten-stage
heating system boilers. This ‘would pteclude. simul taneous
operation of both the heating system and the domestic hot
water boilers. A o . s - '

-
- -

Further \aperimentat'ion by on-site personnel on a' seaspnal
basis‘should producg additional savings by gradual reduc-
tions inp bot water temperature -settings, restriction in
domestic watér flow rates, further reductions of 1ight
levels in all spaces and continuous occupant cooperation to

“minimize the tota) electrical ‘load, particularly during th

known peak load periods when demand charges are affactel.
. ~

The permanent benefits fo this school have beerfm,a:gind as
the result of participation in the ICP. The major reasan
. for this situation is that there has been inadequate top
management attention .devoted to energy and enérgy-related
cost savings. - ’

The school system did not choose to invest in the majority
of energy improvements recomended by the ICP ‘program’s

‘%chnigal analysis. .
\ . : : : ’
c. e observed conditions indicate that management is not

achieving - a reasonable degree. of preventivé'maintenance,
timely ehergy adjustments, and cooperative occupaht

. actions. « The ratio of only two maintenance persons .for

seven schools appears inadequate. Approx imations based on

ray few of this schoo™s consumption over the past several

years strongly suggest a combinatign of actions that might
be instigated by’ top management to reduce the ‘current

operating costs by up to .25 - 30,000 dollars per year.
st of these actions can be incorporated and sustained by
appropriate personnel with very low cost in materials.

~ ~Such dollar savings in a single building should warrant

management's consideration ‘of adding personfel as a net
money saving move. Evéntually, an appropriate addit jonal
person could probably ei‘(tendfhis energy saving capabilities
to the other schools-in the school district and multiply
his.dollar effectiveness. o
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This fécm;y;huas visited originally in June 1982.

. '. .
¥ ) ) "

i}

1 CASE STUDY OW-UP SITE
M= T D *‘T; o K RY Y t

\ OF UMENT OF ECM SAVINGS
- " -
Inst.itt-:tion Type: ; ‘ Hosg'uaf ’ ' T s
- RY - -
Location: ) Medium size urban areal .
- .‘ . R
Size: . ' ¢ 97,550 square feet
Eul ; | : _
Base : 571,399 BTU/ft?/yr, v
........... . Latest: . . ...613,180 BTU/ftZ/yr. -
Savings: . (-7.3%)' .
¢ ¢ . . , P

. Program Information:- ~* EA completed 9/79
| Y ECMs completed 2/81,

L »  Total projegct cost: *'$90, 86

ECMs Installed:
. with insulated wal
A . Heat pumps ¢
. , Fluoréscent replacement of
. <incandescent }ighting ‘

Replacement of %5555 wall

R

LD

+ ; |4

- -

Using the data and facts
available at that time it was determined that energy consumption had increased
by 22% since the ECMs were completed in February 1981.

N , ) - .
The ECMs consisted of replacing an essenﬁaﬂy all-glass outside wagil in one
wing with insulated constructiqn, plus inm the same wing, conversion” from unit

, o 1



heaters to water;tc;-air heat pumps and replacefent of incand'egc'ent'-wfth;
fluorescent lighting, The calculated payback was more than 13-years. °

Following the finst visit to this facility the calculated energy performance

was based on @ comparison using tme. base year (1978) that was cited in the 1.
During the re-visit, it'was learned that certain events occurred ‘in 1978 that
caused this to be an unstable reference year. The latest 50% addition sto the
_hospital came into use in 1978 and the “kitchen was converted fram gas to all
electric during the latter part of the year. | . ,

By selecting 1979 as a more appropriate base_year, the energy results became
more favorable, but still showed an increase of 7.3% in total BTUs from 1979
tb 1982. This. increase consisted of year-to-year percentages of 2.1, 4.0 and
The TA had calculated a saving for- the recommended ECMs of 5% when compared
with the consumption of 1978. By recalculating these expectatiens. referenced
to the 1979 year, the projected ECM savings became 4.4%. _ . ¢

. ’ / N -~
..Energy. ‘qsgg”b_x‘vt_t}e.ms?ital consists of electricity, propane and some diesel
fuel for several diesé T
demand limiting. The accuracy of data on diesel fuel is questionable because

the exact volume of the storage -tanks is unknown and purchases are' made

‘gendrators writtr-ares -used -ex tensively. for. .elactrical.....

-

accord ing to when prices are best. Quantities of single ‘purchases- have varied- -

from 100 gallons to over 6,000 gallons and ,purchases have Vvaried from°only one

‘tp as .many as sSix per year, “However, thé average -diesel consumption"'

constitutes less than 2% of tne total mnual.mergy so the inexactness of this
fuel data is not critical. . -
propane is used for heating domestic hot.water as weH_a\ for .boostér heat for
the laundry hot water. Propane also is used as *a backup source for the hot
water space heating system. Since the primary space heating boiler is- elec-
trically operated and ¥requently switc - off reduce electrical demand
changes, the prbpane boiler .often becomes the primary source .during the peak
heating season. . ' .
Ré-evaluation of the installation and operation of te ECMs -did nat disclose
any. speci§ic errors or omissions that could explain the -increase in- energy
consumption, since the ECMs were compléted in early 1981. HoweVeF , severgl
factors were discovered that appedr to¥ explain most of the increase. For
example the "Patient Days" have increased 6.8%, frga 23,587 in 1979 to 25,189
in 1982. Employees have increased 13.4%1 and three departments have gone to 24
hour operation (from 8 hours in two cases and from 16 hours in the other).
Additional energy consuming equippent has Jbeen st8adily added throughout the
1081 and 1982 period since the ECMs_were finished. .Seven adgitional heat

.’ \ *
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ﬁ for a tota] of about 18 tons of coohng were 1nc1uded in t?is, plus a

rou op unit using both heatmg water- and chilled water from the central .

. System, Although no records werge available to identify the consumption of /
- other energy using equipmént that has been added, it was found that numerous
items such as: an 18 Kw drymg cabinet, large freezers, nucfear medfcine
cabdnets, X-ray tdbles, cogiers, vending machmes, ice machmes and medicine
refr1gerat1on and warming Wcabinets had. been acqxpred Apparently, recent
procedures have been implemented to acqmre better control and documentation
of future energ_y gonsuming~equipment as it is brought mt: the hospital.

The present Director of Maintenance for the hospﬂ'al had held his, positfon. .
for about six months at the time of the.return visit. Theres have. been three. -
people in this position plus two hospit®l sﬂmwtrators throughout the ICP - '
) participation. * The present Admmstrator been there agow six weeks at
the time of the return visit. a

The present Mamtenance Director is working haad du ceduce olectrical Co% tr by
limiting electrical demand charges. A demand controller, purchased in 1978 -
has been connected to additional control points and the d1ese1 generators are
operated several hours 3 day to-hold the peak demany mthin close Vimits. o
Altho’gh time did- not permit a detaﬂed mvest1ga oo, 1t appears possible
, that sane of the high energy use may be due -to the lowing situation:
. P
. The basu: HVAC system consists of_ three« watgr loops. -Many water to gir heat
pumps atre on .4 common water heat source loop using corlingd tower water.
Another 1loop contams chilled water from a central chiller for air handler
, €ooling coi and a third water loop provides hot' water to the same air
handlers frdn the central hot water boiler. There are no air handlers® with
100% outside air available through an economizer cycle. controller, so
virtually all int%rior cooling in the winter mist be provided mechanically.
The result is that heat Is rejected fram the cooling towet' all winter except
for portions of about a month and a half. o(h the day of the revisit, the’
outside air temperature had only risen to 54" by 2:30 PM from the low 40's in

‘.

the morning and the cooling, tower vanes were, constantly open with watér
cm:u?atmg at 84™ During the late mormng w1t‘q the kitchen cooling load,
the_cooling tower fans periodically cyc]ed Timit water- temperature.

™~

This may indicate that even on days cool enough to provide "free céohng" with
full outside , air, the building is instead being cooled mechanically and the ..
system is produc:&ng a net hot water source greater than ¢he water to air heat «
pump loads can-util v -

It is Tikely that the total energy load could be sx&ﬁmantly reduced in
winter {where the peaf( now exists) if 100% outside air econamizer cycles were

-

. R ’ . T . 4
“. o
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fncorporated, and the»-Fejth/ion pf_heat from,ae cooling tower was ‘el im Wt‘ed’-'-r
) N E Sy
The principal ’fjndihgs were: | : ﬁ N ‘- e #§ ,

L S a. A7 cons erable  quantity or energy-using equipment .
/ apparently has been continuously added to this. facility - ...
B ™~ duridg the several year period from pre-audit to post-ECN .+

' completion. -The lack of exact informa jon with which to

measure ‘this growth in energy use makes it impogsible 2

.  assess the ECM, performance .solely on the basis of tot
- energy consumed by the buildin%. However , without .special.
metering and instrumentation t is impossible to measure

the effect of the €CMs separately.
b. A refative)y high turnover in_the ho'spital‘s top management

R . in recent years Appears to have been a handicap 1in
. " achieving optimum energy benefits through effective
. ~_operation and maintenance actions, and timely preventive

maintenance. There are very positive indicatfons that this
is now improving.* . ) ) o)
] ! .
~ 4 _c. The installed ECMs had small projected ' savings of about
, / : 1.4%, However, there appear to be existing - system
’ deficiencies that. could be corrected with cost effective
EM's that would increase the savings realized. ;

L)
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N CASE STUDY L= FLLOH‘P SITE VISIT OBSERVATIONS SHOW THAT ENERGY.

tion of 2{: and cost approxijmately $457,000.

RFORMANCE OF ECMS WITH LON PROJECTED SAVINGS CAN NOT B .
ONFTRMEDV-WTTH ORLY BUTLDIRG CONSUMPTYON DATA RATHER THAR
- - i 4
Institutiop Type: . Hospital
Location: - Medium size urban area
Size: _ 114,000 square feet
Eur O : i
. ' P - . " B
g Base: - - 490, 489 BTU/ftzlyr.
' Latest: Y. 528,488 BTY/ft%/yr.
PRPPRP .Savjng"s.:....‘.',.‘.; ..... PPRRR (20 1 A RPN
4 Program Information: EA tompleted 8/79 % -
. | ECMs completed 9/81 ¥ -
.- Y - Total project cost: $234,000
ECMs Ipstalled: ~ 0i1>to gas conversijon ‘
Chiller heat recovery .
—— , . | _

The Technical Analyst fo‘r',this facility bad recommended six ECM projects
calculated to have a combined payback of 5.6 years, produce an energy reduc-

s

- L] [y

Only two of these recommended ECM projects wers installed at a project cost of
abWut $234,000. The TA had projected an energy reduction of 4% for these two
ECMs. Their expected individual paybacks were 2.5 and 10.7 years. A higher
than projected project cost resulted from Installing a slightly larger heat
recovgry chiller than origtnally planned, in order. to allow for same future
expansion.

Compariso?a of the pc;st-ECH ener'-g constmption with the pre-ICP period, on a

weather corrected basis, shows increase of 2.5% in total amnual BTU use.
This dncludes cdrregtion for a floor area addition of 3.29% that occurred
v . N .
' | IR
‘ 2
' /
) ! * #
: '
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during the interim. \Also, certaiﬁ“energy tonsumning equipment was added
A throughout: 'the ;ricd,, such as @ CAT Scan eand X-ray unit and numerous
undocumented pieces of laboratory equipment. As is generally the case i
hospitals, no useable record of* these continudus energy consuhing equipment
increases is available. During the same interim period, the average annual
patient load also fficreased by 22%. ) "t

On-site review ‘of the installed ECMs during the foloW-up visit did not

¢ disclose any installation or operation problems~that could -be causing the less

than projected savings. One ECM consisted of conversion from oM to gas use

by two steam bodilers. There is no condensate return.of ahy of this steam in
the hospital and the TA did not address this as a possible ECM. The hospital
.staff, however, has indicated an interest in mking this improvement ‘during
future energy projects. ‘ - .

The other. ECM consisted  of replacing a standard chiller with a kat recover}

unit for damestic hot water preheating. This project is not instrumented in .

ang manner ‘that would permit savings to be assesged. The chiller caanot be
operated throughout the day during much of the year due to total cooling load.
For ‘example, when the total cbo;;%g load exceeds the heat recovery chiller
capacity, a much larger anit is ught on lire and the smaller heat recovery

unit must be shut down’ to provide a reasonable percentage load on the bigger

‘l

chiller. Unless the weather becomes much warmer on ‘such days, the smaNgr '~

heat recovery unit cannpt be added back to_the system until the weather coods
again. Consequently, the annual percentage operation, and thus, the savings

of this “heat recovery chiller ECM may be considerably less than the\l’{.\

assuned. The lack.of instrumentation and records of operating-hours makes
impossible to assess this ECM's performance accurately. -
¢

~, a.. The TA drojections of energy savings ‘for these ECMs was
;- approx ima{ely ‘_41. The measured post-ECM energy gata shows ,
an overall hospital increase in consumption -of 2.5%, rather
than a savings. However, both energy consuning equipment | .
and mission fequiremefits have increased but the effect on R
) - consumption can mot be qwantified. “The net ‘redult is that :
both the actual and the expected results are in a very
small percentage b&nd and a precise evaluation is extremely

digficult. .
b. It appears .that the ECMs were installed properly, but were
teo minor ®in contribution to show up in total energy
consumption measurements. Separate instrumentation would
be necessa"y‘to identify the savings generated by thése
ECMs . . . . _ ‘

/Tr;e principal findings were:

_— o ¢
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CASE “STUDY M: FOLLMP SITE V!SIT OBSERVATIONS SHOW “THE
.L OF Al H X DOCUMEN ON. AL ON 0 ENERGY .,
f + CONSUMING EQUIF WND- A LALK_OF MONTTORING UR METERING 7 LL
* \ -
' Institution Typg: Hospital
J .
Location: Mediuf size urban area
’ Size: 211,192 square eet
L] - ‘ / ‘ .
£ ' | :
g Ba)se ’ 444,244 BTU/Ft2/yr.
* »
Latest: - - 414,980 BTU/ ftZ/yr . .
" Saviings: ~ ¥ 6.6% - \
. Program Information:- EAycampleted 10/79 -
, ECNs completed 1/82 ¥
Togtal project cost: $170,775 . i
S §CMs Installed: Heat recovery fram boiler . ®
Chiller controls . @#
) Air handler return air ducts <
and controls -on several units .«
Replacement of incandescent
lighting with fluorescent b

This facility was originaﬁy visited in December 1982
canpleted in January 1982, and thys

post-ECM energy consumption data.

The ECMs had been
there was less then a year of available



[ a

The installed:ECMs consisted of nine distingt projects that may be categorized ,‘v
into four technical groups: (1) .heat recovery for boiler makeup: water was
dded to both the boiler stack ,and the boiler blowdown; {2) controls were

. ddded to an. electrically .driven” 350 tbr}(ucentrifuga] chiller; {37 numerous °
ihcandescent fixtures were replaced wi orescent or sodium vapoy 1ighting;

and (4) five projects involved adding return air ducts and additional controls /
for several air handling units.

‘. . . -

? 3 ) .
In the TA, dollar costs, dollar savings, and payback years were’ calculated for”
. all of the detommended projects, p®t projected BTU savipgs were listed for
only 5 projects. For these five, the total expectation was at least a 10%
N .savings ,n annual BTU consumption, ’ ’ \ r
A On-site inspection of the ECM projects #indicates thag all were correctly
. installed and ‘there is no obvious malfunctioning. However, several conditio
of the design make it difficult to establish the amount of ener'éy sav ings };
most of the ECMs. For example, a complete lack Pf temperature and flow
indicators in any of the ECM heat recovery circuits has made.it impossible to
establish the amount of boiler waste heat .being recovered. The chiller, <
control?er ECM functions properly, but during certain weather conditions €the
resulting higher chiller supply temperature makes jt necessary to augment the -
controlled chiller with a smaller, less efficient chiller in order to prov ide
the necessary jgwer temperatures in one remote zone. The energy consumpt ion
of this ¢ binat;ion of a more efficiently contro)led large chiller.plus a
lower efficiency” small unit may not be any less during these weather periods
than the |previously existing large chiller alone (before it received  the
. gongrols tailory its output). .
The fue]sft?sed are electricity and natural gas. Analysis oféthe consumpt ion -
history using the pre-EA period of calendar year 1979 versus the post-ECM
calendar year 1982 indicates an energy saving of 6.6%. . After cgrrecting for
weather differences the result is a 5.6% increase in con ption. The base
year (1979) had 13% more severe weather. . . . o S

During the period since *979, there has been a continual addition of energy
consuming equipment in this hospital similar to that geferally .observed in
most hospitals. . Although a Hstingazf same of the added equipment is
_available, there is no acceptably accuratle way to estimate the energy impact
~of this equipment growth. The duration of use, location, impact on heating
and cooling loads, etc. of this added equipment has not been documented. With . {& ]
energy consumption analysis based only on knowledge of total facility :
consumpt ion there is no accurate way to identify the amount of ECM savings.

R .

/
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In general, this hospital has probably achieved more success than most in
avoiding energy increases. The condition of the’ equipment reflects an above
average preventive maintenance program. The tegchnical knowledge and
management skills of the facilities directoy are we;jkd:ove average and many
actions have been taken both before amd since ICP participation to eliminate.
unneeded energy use. For example, lighting energy constmpt ion has been
significantly reduced. . I ' °. -
Comparison of .the energy use index nd patient cos%factors of this hospital .
with séveral others Xin the adjacent geographical area clearly indxcatef that |
this hospital 1s a leader in its vicinity.

The principal ffndmgs/ere T » i

-

a. The BTU savings to be expected from some of the installeg 1'
ECMs were not identified in the TA,

b. The, energy savings of the completed ECM projects cannot be
directly a$sessed due to the lack of instrumentation. Coon

c. The normal growth of energy consuming equipment .. nce the
base-year may now be causmg more energy consumptNon ‘than
the ECM projects are saving. As with most complex-facili-
ties, very little crbdible analysis of how energy savings A ‘
are baing offset by these additions is possible without
records to track performance. )

’ ~
The observed capabilities and regular actions”of the facil- (
ities stdff are above average and cannot be faulted as’ the
cause of low overall energy saving results.

~

s/
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0 APPENDIX A - THE ICP: BACKGROUND ON THE ICP AND ITS EVALUATION
: " ! p . . :

. 4\ ' ] ) B j. . . ‘ e ¥ 4 . . . .
~ - » € -

PROGRAM'FUNDING SRR .

g
- L d

. . - .
A!location of Funds to states \

’ . : . ! ]

‘The Department of Ener 0E), under a formula specified by rule, is
-~ responéfble for allocatfing ICP funds to States. -“The “federal government
matches State administrakive costs ‘assocfated with implementing the program
through SEOs, as well as es the grant monies for the TA or ECM phases.
“Fifty-percent matching funds were allocated to States for conducting PEAs and
EAs on the basis of a three-part funding- formula that included: an equal per-
State share, a share based on population, and. a climate factor. An additional
factor--fuel avaijlability and cost--is used in the formula to allocate TA/ECM
" funds. Both instituttons' and States' matching funds must, in all cases, be
“fram non-Federal sources. Table A.1 describg$-the resources committed by the

10 sampled States as matching, funds. = SRR '

e

s 3w UK

. R . "4
Allocation of Funds Within States"

¥ ' . -

Individual "SEO8 chose the means by which they would subsidize the costs of -
- performing energy audits at eligible institutions. Some chose to tgrain
institutional personnel assigned for this purpoge, others sent State employees
or contractors to perform audits at nonprofit facilities, and a few reimbursed |,
. institutions for the charges levied by independent energy auditors who ‘had

T , been trained or certified by the State. - .

. N ( '

TA and ECM grants, on the other hand, are awarded on a competitive basis. A
| minimun of 30% of funds available for TAs and ECMs were required to go to
P schools and at least 30% were reduired to go to hospitals in each grant cycle.
" Thus, neither schools nor hospitals were permitted to receive more than 70% of
’ *  * the comblned TA/ECM allocation in each, State. The background and financial
’ data on the 10 sampled States’ allocation of funds are presented in Table A.2.

— - ’
L}
-

grant Award Procedures

SEOs were required to produce DOE-approved State Plans descr,ibing fund ing
formuTae and administrative. methods before entering the .ICP. " These State
plans are updated “annually. , ' . .

For PEAs and EAs, the States applied to DOE directly for funding on behalf of
themselves and participating institutions, operated the Progyam, and submitted
‘orogress and evaluation reports to DOE periodically. Becatse DOE wished to
allow the States a great deal of flexibility in administering the Program,
procedures for conducting PEAs and EAs varied widely from State to State
(although thes¢ procedures were' reviewed by DOE officials in the process of
@;;proving each State Plan). SEOs were allowed to apply up to 25% of the funds
« allocated to them toward administration, monitoring,” and evaluation
activities. ' . i . -
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- TABLE A.1. RESOURCES COMMITTED BY THE 10 SAMPLED -, .

S ¥ STATES{AS MATCHING: FUNDS ‘ |
| ' _— ) S S | | \
e f - . \ ‘ , ~ . .
T ' | ' TYPE OF MATCHING SOURCES $ OR OTHER R_ESOURC:E} IN annmoﬂ),mrcﬁ'

FLORIDA -~ ALL*CASH MATCH } yd ¥ - PEAS AT N8 COST BY FAGIHITIES PUBLIC BROADCASTING
' ! SYSTEM
. < ' . == TRAINING m:ugrxsé PROVIDED AT NU" CHARGE
' o \ ‘ . -- SOURCES OF REGIONAL PLANNING CENTERS
, -- TA ASSISTANCE BY FLORIDA SOLAR CENTER .
' -~ MISCELLANEOUS ASSISTANCE FROM SEQ
- ] ~
ILLINGIS -- EA: ALL MATCH WAS IN-KIND . N
'INNESOTA ‘ ‘ -~ $10 MILLION STATE APPROPRIATION TO SUPPLEMENT [CP \-
” 13
' . -~ DEPARTMENT OF EDUCATION, REGIONAL DEVELOPMENT
- CommISSIONS, LEAGUE OF CITIES ASSISTANCE o ¥
) ~
M1SSOURT ’ N/A® ‘ N/A ‘ - )
— / el —
NEw ¥exico -- ALL CASH MATCH -- $65,900 DONATED AS ADMINISTRATIVE nns\_
* ! ’ [ -~ STAFF TIME AND TRAVEL TO TRAINING COURSES
. S
¢ _ ~-- FREX PUBLICITY BY EES OFFICE AND INSTITUTIONAL
GROUPS- .
NEW YORK -~ STATE EDUCATION AND HEALTH
DEPARTMENTS PROVIDED t L "/
, =~ PROFESSIONAL BTAFF FROM OTHER b
. ' AGENCIES
* P
- ~- ENERGY CONSERVATION HOTLINE
) —f
SLAHOMA o+ -- ALL IN-KIND
RHODE 1SLAND. -~ N7A '
Uras- ‘ »~N/A ! ~= STATE NAS CONTRIBUTED MONEY BEYOND THAT REQUIRES
-~ . \ 8Y PROGRAM -
VIRGINIA  ~ g -~ CYCLE I: 75% IN-KIND MATCH , ~
. -~ CYCLE 11 ALL CASH MATCH , |
d ~
A
.
. N/A - NOT AVAILABLE AT TYM OF SEO INTERVIEW . L
- \ »
$ee t: '
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. - TABLE A.2 BACKGROUND AND FINANCIAL DATA ON - .
., 10 SAMPLED STATES' ALLOCATION OF ICP FUNDS* :
* - ,1/ .
- : FL " M 20° M NY®  OK* Rl*  UTAH VA*Y
¢ WHEN WAS STATE AUDIT PROGRAM ~ .
ESTABLISHED?  ° 4/79, 6778 SNS - /\, 8779
TOTAL COST TO DATE IN ADMINISTER(NG ' - ) '
€A PHASE OF ICP. ($)N 3616, 6u4 $342,395 $125,116 -
2 FEDERAL FUNDING NATCHED™BY . ce " .
STATE FOR EA PHASE ofF ICP (%) 100% , 100% . 100% +
‘ '1 . ”~ -
T FEDERAL FUNDS ALLOCATED TO STATE : ' ; n 4
. FOR EAS THAT wAS\usSEp (%) 39.1& . Py 100% 31.5% . ‘188 7
¢ EA’FEDERAL FUNDS EXPENDED TO o, . , s
DATE FOR ADMINISTRATIVE PURPOSES . ’
%) - . 100% 29% 93.7% / 143
e N . .
7 FEDERAL FUNDS PASSED THROUGH 1
TO DATE TO PAY COSTS OF EAs THEM- . A
SELVES (%) ) 18,12 . 712 31.5% . 22
TOTAL COST TO DATE IN APMINISTERING ) o . )
TA/ECH eHASE OF [CP ($) . $53%7,783 $707.,013 . $139,734 : $L25.552 .
% FEDERAL FUNDS MATCHED BY STATE X ® R
FOR' TA/ZCA PHASE () . 1002 + 1002 100% 112y
AMOUNT OF TA/ECH FUNDS EXPENDED : . .
107DATE FOR: , ; ’ | .
A. STATE STAFF (8$) " $537,783 $441,959 $ 48,907 ‘ $ 20,000 ¢
B. TRAINING ($) N1 $ 75}000 . ‘ 8:987 & $ 3,000 +
C. PROGRAM REVIEW AND EVALUA- . - . )
T1ON . . s 83,8340 $ 33,000 +
AVERAGE # STATE STAFF ASSIGNED TO ' ' - ‘
1P . 3 4.5 211 s 3 25 2 ' 3.5 225 5
AVERAGE # OF CONTRACT PERSONNGL _ . . -, g
{IF XKNOWN) 18 SOME ,
) . :
. “ N .- :
113 STATE FUNDED AND 8 FEDERAL FUNDED, a
* DATANOT AVAILABLE AT TiME OF SEO INTERVIEW. .
’ .
/ . -
F ] ‘ - []
~ ..
k/ . ’ "
. q ]
v , 1 2 1 ‘ , . o
r- ‘ !
.- N *
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The TA/ECM funding ' process begins with DOEs allocation of fupds on a-

State-by-State basis. . SE0s then solicit, evaluate, and rank a phcatmns from
institutions. Recmmendati ng for funding are then sent fo rev iew®to DOE

Regional offices Approved applications .could be awarded a grant for 50% of -

“the cost of “the proposed project. The other 50%. ttad to.be paid by the

mstitution, excqipt in handship cases (see beiow) ., Each State is responsible |,

for grant administration "and for mopitoring imp?ementation of funded
/"-QG-LWIUGS SEOs are allowed to apply for up to 5% of the total TA and ECM
funds awarded in each fundingrcycle ?udm,inis'trative expehses. ‘

N 2
* .

Hardship Funds

Ten percent of available funds are reseyved for ”hardship grants to finan-

. cially distressed institutions. Each Sthte is responsible for developing its

&

own formula for disbursement of hardship funds (which is indluded in the State
Plan). and for identifying those institutipns eligible to receive incremental.
fund ing above the 50% matching requirements. States must develop procedures

for determining what increment (1-40%) of additional funding will be given to

"instituttions qualifying for hardship funds. These procedures are inciuded in
the State Plans.

. - T
PROGRAM IMPLEMENTATION: A CAPSULE HIﬁTORY / Q

Figure A.1 dispiays the reqgulatory history of the ICP and some of the
milestones achiev

-~

OPERATIONAL RESPQNSIBILITIES OF PROERAM PARTICIPANTS

The ICP allows a great deal of flexibility in the local management of Program
activities. As a result, 4t also requires significant labor and resource
commitments by participating parties to complete necessary paperwork ang carry
out administrative functions, The areas of responsibility for the four
parties - institutions, State energy offices, DOE Regionai offices and- DOE
Headquarters are del ineated below.

Institutions’ ..

\ The institutions participating in the ICP are responsible for the following
activities: . ~3

e Securing matching funds.

\ w—

T e PreparLg formal applications for the TA and ECM stages of /}
the program. | :

s Reporting on expenditures and energy cpnsumptinn for up to 3
* °  years after grant closing. .

\ o122

L,



.~ " FIBURE A.1' THE ICP: A CAPSULE HISTORY BY YEAR
o N -7 S

g 1978: - ° ALTHOUGH NECP NOR1ZED FUNDING FOR 1978, THE & o1 NoT '
. BECOME EFFECTIVE UNTIL TME FIFTH WEEK oF FY 1979. .

. 1979:  FINAL RULES FOR PHASE | (PEA/ER) PUBLISHED. | 4/2/79 :

FINAL RULE INITIATES PnASE | (PEA/EA) ofF CvcLe 1. . ’ 4/2/79 (1o exp 9/30/79%
FINAL RULES PYBLISHED FOR PMASE [1 (TA/ECM) OF CYCLE | .
[NCLUDING REQUIREMENTS FOR STATE PLAN. . : 4/17/79 -
FINAL RULE INITIATES CYCcLE.] OF TA/ECM smm's. . . QQN?s (1o END 2/1/80)

‘ 0F $20 MILLION AVA[LABLE FOR SCHOOLS AND HOSPITALS, f

- $18 mytLion (90X) was »wmen .
OF THE $7.5 MILLION AVAILABLE FOR LOCAL SOVERNMENT AND PUBLIC . N SEN S

: CARE INSTITUTIONS, $6.45 MILLION (BSX) WAS AWARDED, : .

MOoST OF THE Snmis PREPARED AND SUBMITTED STATE PLANS BY 12/31/79 ) ”@
NO TA OR ECM GRANTS OF ANY KIND WERE COMPLETED BY THE STATES

iN 1979. ) . . -

4 -

1983: ‘DOE APPROVED STATE PLANS FOR 52 OF THE 55 ELIGIBLE JURISDICTIONS
$112 MILLION AWARDED TO SCHOOLS AMD HOSPITALS AND- $3.3 MiLLION
TO LOCAL GOVERNMENT AND rum.gc CABE msnrunous FOR TAS AND ECMs, .
. CycLE 11 OF REA/EA BEGINS.. . s 4/1/30 (70 END 5/30/8D)
CYcLe 11 OF TA/ECH-GRAMTS'BEGINS, | » “ ~ 6/2/8) (10 END 9/30/80)
$11 MILLION NERE AWARDED FOR PEA/EA BY. 6/2/80. - P ’
$109 MILLION WERE AWARDED TO INSTITUTIONS IN 5u _JURISDICTIDNS .
FOR TA/ECM sy 9/30/80. oo
PROGRAM TO UPGRADE RULES AND xesuunous INITIATED AT DOE. -

1981: Cvcué 111 oF TAJECH GRANTS sssm . .. 4/7%0/81 (to END 9/25/81)
PEA/EA NOT, FUNDED BY DOE IN Cv 11, : . ' .
UPGRADING OF REGULATIONS COMPLETED, PROPOSED, m MADE FINAL, BY

;  5/8l. c:wccs.s mt:wneﬂ\ e ‘ E .

’

€

COST SAVINGS NOW uu.cuum AS NET DIFFERENCE IN L COSTS
% . FOR COAL CONVERSION, RATMER THAN AS RESULT ONLY OFf ENBRGY
SAVINGS; - " . - + 0

1)
1

PAPERNORK FOR GRANTEES SINPLIFIEDJ

v . | S

; GREATER FLEXIBILITY AND. EFHC!ENCY w STATE s ALLocafion OF -

P RANT FUNDS. ™ o ’ ) . .

$150 MINLION AWARDED IN ALL | FouR cnzsomﬁs FOR TAZECH DURING
Crpee 1L o , /

»

) ~ L . P . '3 "
+ 1982s ° .FINAL RULE PERMITS DOE TO USE THE MOST CURRENT DATA ELEMENTS IN * ..
¢ THE ALLOCATION FORMULAE, 4/13/732 A
CycLe YV FOR TA/ECH GRANTS BEGINS, .~ , - . 4/13/82 (10 enp 3/31/82)
PEA/EA, NOT FUNDED 8v DOE |aCYcLE IV, ) o R
. $47.4 MILLION AWARDED IN ALL FOUR. CATEGORIES FOR TA/’ECH DURING

CycLe IV, . +

PYR

ny

1983: CYcLE V FOR TA/ECH GRANTS BEGINS. £ ‘ "6/1/83 (7o END 8/33/33)

- . . . PN .
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. Administerichompetitive bidcﬁng_or ECM contracps and

overseeirg consfruction processes. o

° Complyinlwith ®avis-Bacon Act and EEQ Standards, including

. recordkeeping, reporting, and contract monitoring

o Performing ICP prereguisite (or comgarab]e activity)
before groceedini to nexf Program phase. Tn the case of
independent™ audits performed oﬁfsg'a? the. ICP, institutions
must assure that they comply with Program requjrements.-

\ -
. S
State Energy Offices

-

As a result‘oﬁthe ICP, SEOs have taken a- majox:' role in identifying. and
-addressing institutional energy conservation needs. Duties assumed by SEOs
[ N L .

include: - 4 - -

—

) Develﬁpirg and ﬁevising State Plans as needed to meet ;"

- Frogram requirements.
"

o' -Seturing State mdtching funds.

. 8 Performing day-to-day grants management and troubleshooting,

»

providing a link between .and the institutions for trans- .
fer of information.
' »
® Publicizing ICP activities. A

e Reviewing and ranking all TA/ECM applications, focus ing
technical personne] and aﬂiinis‘gr%ﬁve resources on the

review during application periods.

) Providing'fundra‘isinyiass«istance to institutions for match-

v Ing funds {as needed
® Monitoring TA/ECH 1mplementation. Yy

‘
.
-
.
x

Reg fonal personne} serve as su rvisors 8f Program progress-

N
DOE Rgional Of('lces

)

T

they facﬂ ttate

communication between DOE and the SEDs and..between different SEUs’ oversee
Program ‘expenditures,. gnd prov ide ’technical _and administrative assistance.

Specific responsiffilities include:

L4

o Reviewing/ applications after they are proc’essed by the. SEOs.

o ISsuing Notices of Grant Award for each grant cycle.

R
- - &

N 4 ‘ . )



‘/ 3 Recefving reports from State Energy Offices.

v ® Processi | payment requests and coordinating fiﬁ?ﬁ't_ipl .
disbursements with DOE Headquarters. - o

@ Monitoring grant performapce. N

5/' . ) s .
y \ .
DOE Headquarters . e

Headquarters personnel are resp_onsib:le for the following activities: '

e Developing and revising Program rggulation;. . , -

® %:viewing and approving State Plans and revisions to State
» Plans. . .
. -

o Allocating funds to States for PEAs/EAs, and overall finan-
cial management. .

° Periodicnl.lﬂy reviewing Program progress.

e Performing and documepting evaluation activities.
[ ’

0 Comunigatin? and coordfhating with SEOs, and Regional
offices; scheduling grant cycles and regulatory changes.

, Coordinating public nication efforts for the ICP on a -~ =~
~ national 1evell [through reports,» responses to inguiries,
. etc.), including relations with Congress and with national

-health and scheol associations.

The sequence of activities required for grant approval in various phases is
, shown in Taple A.3. As can be seen, DOE d ated to the States a great deal
of control~over the program. o A

L

VARIATIONS WITHIN THE PROGRAM e

The decision to ryp the ICP at the Stat allowed the States to custom
tailor the Program their individual néeds.. However, the flexible nature of
the Program, coupled with the great variety of circumstances between States,
gave rise to varfations ard’inconsistenci? in implementation. -“The fact that
some aspects {e.g., auditor training and TA reporting requirements) were open
to interpretation compounded Program vartation. : '

Furthermore, the States, in ranking ECM applications, were given a list of
criteria to apply, but were given freedom to.assign their own weights to each.
Thus, such items as simple payback, types of energy conversions (e.g., 0oil to.
" coal), types and amounts of energy saved, and local climate were brought to
bear in different combinations in each State. o '
‘ : ]

. .
* -
-
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TABLE 4.3 SEQUENCE OF GRANT APPROVAL ACTIVITIES

-

. ~
« - ' . -
PHASE ‘ PROCEDURE: : . DOCUMENT GENERATED s
— 'y | -y
PEA/EA 1. SEQ APPLIES TO DOEj PEA/ER FUNDING. APPLICATION
2, DOE APPROVES APPLICATION AND ALLOCATES FUNDS,
¢ 3. INSTITUTIONS COHPLETE PEA ,
‘ FORMS AND SUBMIT THEM TO SEO , . AupIT REPORT’
X D . T T T A
4, msn-runous REQUEST EA APPLICATIONS, COMPLETE . VARIES BY STATE; MAY o
. THEM, AND SUBMIT THEM TO SEQ. . BE A-TELEPHONE CALL
T T T L T i
. 5. SEO APPROVES EA APPLICATIONS. " ~>
L4 . , Themss s ss s ssssesmmsmmmmsess + 2 - r .............
6. EA IS CONDUCTED AND AUDIT REPORT IS FILED WiTH THME SEQ, EA REPORT
\/ 7. SED FILES A QUARTERLY PROGRAM PERFORMANCE REPORT AND PERFORHANCE REPORT
RANANCIAL STATEMENT NITH DOE, FINANCIAL STATEMENT
PrRe-TA/ECM A, SED sumMits ITS STATE P 10 DOE. APPROVAL IS A
PREREQUISITE FOR THE TA/ECM PHASES. STATE IRLAN
TA 1. SED AppLIES TO DOE FOR TA/ECM Wzsmnwe FUNDS. . PERFORMANCE REPORT
3 APPLICATION '
2, INSTITUTIONS 'susMIT TA AppLITATIONS TOTHE SEC, TA APPLICATION
APPENDING EA REPORTS, 3
-—‘--b-n-\---oi ..... e a e e e m E m m m w e = wm = _..--.--_‘ ------- /
3, SEO RANKS TA APPLICATI *
of 1 e e e oam m E e om @ o M M om e w m @ e e wm e oo W a o= * e om a - B @ o e w s m e S o e a m w
‘ 4. DOE APPROVES RANKINS AND FUNDS TAS, N .
5. b&bt.s TAS ARE BEING CONDUCTED. INSTITUTIONS ADVISE SEMIANNUAL
N SED OF PROGRESS. -~ . STATUS REPORTS
: N A - SO UV U Ul U U IS UG
6. WuEN TA 1S COMPLETE, INSTITUTIONS FALE Fmad TA
REPORYS wiTH SEQ, ‘ FINaL TA REPORT
L
ECM 1. INsTITUTIONS APPLY TD SED FOR ECNS. ECM APPLICATION
.................... d m w m m m w m e e o e W A e m om W e M a @ = m =
” - 2. SED RaNxs THE ECM PROPOSALS.
. &
M 3. DOE APPROVES RANKING AND FUNDS ECMs. N~ ) .
4, DuRING ECP IMPLEMENTATION, INSTITUTIONS ADVISE SED SEMIANNUAL
OF PROGRESS. ) STaTUS REPORT ,
' . B¢  WHEN ARE COMPLETE INSTITUTIONS # an. REPORTS
'. s ‘ WITH ES: ’ FINAL ECM RePoORT
-
- - - - - o - - - o w W = & - - @ s o aa = W™ A = e - .- - -~ - - - - e - L - - oy B e m - > - N
' 5. ;usnfunons- FILE ANNUAL REPORTS ON ECM- mm SED FOR
; YEARS FOLLOWING COMPLETION. _ ANNUAL REPORTS
[ 7. SED susMITS sEmiannuaL REPORTS TO !m FROM DATE
o OF STATE PLAN APPROVAL TO END DF THE PROGRAM. . STATE Status REPORTS
3 N . .
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Other circumstances leading to program variability were:

Size  and Financial Capacity of the State Government--
Tmaller, less populous otates had fewer funds fTor

publicizing, training, information programsy respond ing,
etc. They also could spare fewer personnel to attend to the
P"og;m‘- ° A : TN

rd

f]imte-—Energy peed's and equipment vary across the country.
*Quality Control® Procedures--Sm?v States built more of
Egese Into their programs (e.g., in their specifications for
EA forms, the type of IA rev ifew performed, étc.).

Interest in Renewable Resources--Some States were more

.enthusjastic about solar and renewable resources than

others.

Ranking Metbods--Ranking procedures and formulae varied.

Labor and Equipment Committéd--Effprts toward data
collection were different 1In different States, as were
monitoring and evaluation activities.

Affiliation of SEOs--The SEOs were associated with gAfferent
governmental agencies-(e.g., governor's office, partment
of Resources, Office of Emergency Planning, Department of

. Energy) .

In addition, d\fferent types of institutions varied in their needs

and approach to participation in the ICP:

e
f

deget Cycles--Program scheduling was a major barrier to
participation for some institutions, which needed lead time

to raise matching funds.

Financial Capacity--Many institutions had to divert funds to
The 1LV fran other uses. Same used funds from other vital

"areas, others dropped out.

. .
Administrative Capacity--Institutional administrative re-
sources were scarce for applying, reporting, managing
capi'@al improvements, etc. L

o Building/Facility Uses--Hospitals, schools, etc. operate
erently, occupy different types of . spaces, and have

different occupancy pptterns.

.

o Regulatory and Political Pressures--Each type of institution
TneToded T

this program Js regulated in a different manner
in relation to allowable expenditures, building and 1ife
safety codes, etc. "

¢
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" [n spite of these Program variations and the usual start-up and execut ion
' problems of any Federal effort of this magnitude, the ICP has been Very well
received and is generally acknowledged to be a successful energy conservation
effort. ,
L]

HISTORY OF THE EVAAUATION EFFORT
»
In the- fall of 1979, The Synectics Group, Inc. (TSG) was requested by. ICP .
staff at DOE headquarters to prepare a Preliminary ICP Evaluation Plan. The
central focus of this preliminary plan was the process by which overall
Program objectives could be clearly defined, and appropriatg corresponding
A\ performapnce measures characterized. This definition of objectives,
performance measures, and related data sources was to be accomplished through
informal interviews with ICP menagers, energy conservation specialists, and
officials . familiar with either the early development of the ICP or the
administrative and financial requirements of eligible institution types (1.e.
nonprofit schools, hospitals, local governments:, and public care facﬂitieq‘
The preliminary plan assumed the ICP evaluation would focus on all’ four
Program phases (PEA, EA, TA, and ECM). simultaneously.

‘During the fall and winter of 1980-1981, TSG evaluators conducted a number of
interviews with relevant specialists and officials concerned with the ICP.
This activity included attendance at the AI1 States Conference held in
Nashville, Tennessee (November 1980) and a mebting of DOE regional officials
held later that year. During these meetings attending officials were briefed
on the scope of the Preliminary ICP Evaluation Plan and informal discussions”
ge}gted to Program goals, information sources and major evaluation issues were
eld. - '
At the A1l States Conference, a short survey was conducted of State Energy
Office (SED) officials -attending the evaluation workshop. Program objectives
that had been defined during previous interviews with officials in Washington,
D.C. were "tested,” and lists of major problems and benefits associated with
implementation of the ICP were generated. These comments were used in
refining the material that had been included in the Prel iminary ICP Evaluation
Plan and in developing draft survey questionnaire.outlines.

TSG and DOE staff then” conducted preliminary interviews at four State and
Regiopal offices and visited several institutional patticipants chosen by

\ Statg officials. Thdse preliminary field visits allowed evaluators to see the
, ICP 4n action at a local level and to verify the general evaluation °
methodology that had been selected. .- - %

Restrictions in Program funding and concurrent reductions in available funds
for eovaluatfon activities caused DOE to revise its original intention to
evaluate the four program phases separately. As a result, in October 1981,
Opportunity Systems Inc. (0SI), assisted by TSG, was employed to redesign and
.-nplement the evaluation of the first two grant cycles. A general chronology
of evaluation activities is provided in Table A.4. y ‘

)
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ACTIVITIES AND PARTICIPANTS .

EVALUATION STA}}TUP

. STATE AND REGIONAL ADMINISTRATIVE PROCESS  ©
INTERVIEWS COMPLETED (0SI/TSG/DOE)

PRETEST OF SURVEY INSTRUMENTS AND TELEPHONE
SURVEY - PLAN COMPLETED (OSI)

~

DATA COLLECTION ACTIVITIES AT SEOs COMPLETED
(0S1/TSG) , .
\

FINAL OMB APPROVAL OF SURVEY INSTRUMENTS AND
SMPLING PLAN

’ . . | }
PRETEST “OF SITE VISIT SURVEY PLAN IN MISS?)URI (TSG)

a

. P
. 1CP INTERIM REPORT SUBMITTED TO DOE
TELEPHONE INTERVIEWS COMPLETED (0ST)
SITE VISITS COMPLETED (TSG)
”~
TELEPHONE SURVEY ANALYSIS SUBMITTED TO DOE (0SI)
FOLLOW-UP SITE INVESTIGATIONS CONDUCTED (TS6)

FINAL SITE VISIT SURVEY REPORT SUBMITTED TO DOE (TSé,)

L
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DATE

ACTOBER
* MARCH
MARCH
APRIL

APRIL

MAY

i OCTO‘BER
NOVEMBER
DECEMBER
waRCH

MARCH

APRIL

1981

1982
1982
1982/

1bg2
1982
11982
1982
1982
1983
1983

1983

i



. APPENDIX B: SITE VISIT EVALUATION METHODOLOGY
OVERVIEW ° . : | .

~ T This chapter presents the,. details of each activity in the site visit ©
) evaluation plan. The following basic topics a8 discussed:

o Survey Design (

e ngstionn'aires .. o

. Init'm Data Gathering ‘

o Computerizati and Storage of Site Visit bata o \

e Data Gathering at Institution\ ' . .
s 1 t..ggﬁ. . B e,

¢ Analytical Approach to Site V

s Practical P'job'l_ems and Plans for Resolution.
[ )r

SURVEY DESIGN

The survey design for the TA/ECM phase of the ICP evaluation is an extension
and'modification of that designed for the EA’phase, and is cmprthensible only

as an int 1 part of the entire ICP gva!uation It is presented here in
that cont .
Target Population T »

o

The target” population of the evaluation varies with the objectives of its
different phases.. For the evaluation of the adninistration of the ICP, the

! target population is the set of State and Territory energy office

‘ adninistrators. For the EA audit evaluation, the tafget population is
comprised of four types of institutions (schools, hospitals, local govermment '
buildings, and public care buildings) participating in the energy awdit _~
program. For the ECM evaluation, the target population 1s comprised - of
schools and hospitalq that participated in this phase of the program during
Cycles .I and II. . p

, LN

4
’

=

{

“the statistical approach was designed by Joseph Steinberg of Survey Design,
Inc., consultant to Opportunity Systems, Inc.

. -
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. N
Sample Frame' ' , /
The frame for the evaluation of overall Program administragion and
implementation, and for the first stage of sampling for the other evaluation
activities is comprised of States (49, excluding Nevada), ‘the District of
Columbia, and Territories (4, Puerto Rico, Guam, the Virgin Islands, and
Aner ican.Samoa) .

L

The frame for the EA evaluation consisted of the actual EA forms on file at

the State Energy Offices. B8y DOE count,' there were 70,512 units in the frame

(57,311 schools, 4,023 hospitals, 6,648 1local Egavernment buildings, 2,488

public care buildings, and 49 energy audits thal were not classified) as of

September 30, 1981. The frame for the ECM evaluat#n consisted of completed

ECM grants. As of September 30, 1981, there were 8,112 funded;” 1,012 were
\a estimated to have been completed.” i IO

Sample Design

e B e 3 ¢ e St e - ==

In this section, the design considerations corresponding to each evaluation

objective are discussed separately. / o
N - . .

Evaluation of Administratipn —

- )

_~ A1l States and, Territories are included to serve this objective. However, in
order to secure the maximum benefit for the available budget, personal
interviews were planned ip only 10 (instead of 54) sample States included in
Eh? sample for the EA and E£CM evaluation, and telephone interviews for the
alance. . .

. . EA Evaluation 0

The objective of separate estimates for dch+of the four institution types
(i.e., schools, hospitals, local government, and public care institutions) was
a major element in the sample design decision process. Because the frame.of
EA forms for second stage sampling is available only on a State-by-State basis
and reqyires considerable manual processing in some States (or is accessible
through computers in ‘others), each State or Territory needed to be a primary

, sampling wit (PSU), if an optimum probability sample design was fo be used.

Important factors affecting the sample design decision process include the

cost associated with: each stage of samplin , "securing the sample frame and
the sample of forms, telephone interviewing for. certain types of data or site
visits for other |types' of data, processing and tabulating estimates and
estimates of samplipg variability. '

¢ , . ' " { ) .

Prel iminary analysis' of the joint requirements for specified precision for
each of the four types of institutions with: avatlable budget resulted n
an understanding that a common sample of PSUs would be used for the
achievement of the required objectives. Further, the same sample of PSIS was
also to comprise the first stage sample for the ECM evaluation.

‘ | o

r
-~ '
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Sampling Units

¢

The universe of first stage sampling units is comprised of the 54 States and
Territories involved in the EA program. The universe of second stage sampling
units is comprised of the institutions, by type, that participated in the EA
, program for the first two funding cycles of the ICP iW each of-the PSUs. As
- discussed further below, the sample for first stage units was established as
10 PSUs. Within ‘each of these, the four specified ' in€titution (types were
sampled to provide a probability sample for the establishment df baseline
information, as well as for the telephone interview and site visit phases of

the evaluation. . - .

>

Stratification - \

Preliminary analysis determined that a sample of 10 PSUs would compromise the
first stage sample units. Further, the néed to satisfy precision goals that
were to permit useful amalysis required that the character of ‘the distribution’
of second stage units by first stage units be taken into account. Examination

~~ of the records of these distributions, both by institution type and- ECM
funding status, showed that a relatively small number of States accqunted for
. a substantial proportion of each of the five subpopulations. However, since

there were five target groups and only 10 sample PSUs possible, the State in
each Qf the target groups was designated as a certainty PSU. Five States were
designated as certainty PSUs: New York, Illinois, Minnesota, Oklahama, and
Virginia. The balance of the PSUs (49) wer$ then grouped into strata, taking
into account the DOE Region, the 1ikely average heating and cooling
‘ . requirement characteristics of Regions and the aggregate meqsure!of size of
) . each PSU (summed over the four institution types). Each Stratum had
. approx imately the same aggregate measure of size, within the constraint that

PSUs should be formed by grouping the 10 DOE Regwns

The five strata which comprised the PSUs (except for the five certainty )

in the regions are as follows: '

Stratum DOE Regions {

. ¢ ' * \ ~
6 ' I, II, III : -
-~ - s i 1
7 B |

" o . ’ 4 . -

8 ) v, vrI . 4’ " -
9 . o VI .
10 . ' VIII, IX, X .

As is' discussed more fully below, the selection of s;ample PSUs in each of,
- these non-self-representing strata was with probability proportionate to
aggregate measures of size (PP$), with ihdependent selection in each stratum.

| \




Sample Size . 9 ¢

The proposed sample sizes for the four types of institutions. to be used in the

telephone interview phase were determined so that the estimated coefficient of

variation would be ‘approximately 0.9 for a proportion type characteristic

where the proportion is 0.5. The estimated sample sizes were established as

575 for schools, 500 for hospitals, 500 for local government cases, and 425 - ,
for public care cased. For the site visits, proportional sample sizes were
designed. The 1likely variance design effects of the stratification and .
selection stages were taken into acCount in estimating sample sizes, as well

- as the effects of the finite multipliers for the dnstitution types where f\
sample size was a material fraction of the universe. R

e <

-

A¥location g‘F Samp giize \

The overall sample for :g:,h phase for each type of institution was allocated
.to strata (amd sample s) proportionately to the overall Mbasure of size.
Ttlw;e effects of a ratio .estimate factor were reflected back into the
allocation. . ' '

In general, an overall sampling rate was established for each type of
institution amd for each phase: the sample size divided by the population
size. In the PPS sampling, a probability of selection for the set of PSUs in
the sample was established: for the certainty PSUs, the probability is one;

f for the other five PSUs in the sample, the probability is the PSU measure of

' size divided by the stratum measure of< size. - The within sampling rate,,in

general, was estabished so that the product of the within sampling rates and
the PSU probability of selection was the overall sampling rate. Where the PSU
probability of selection was®less than the overall sampling rate, cases jn the
institution type in the sample PSU are included (with a separate weight); then

, the difference in the sample take was reallocated to the other PSUs in
proportion to the overall measures of the strata. The estimates of units for
an institution -type were ised as the denominator for estimating a ratio
estimate factor, with the known universe total being the numerator. The _
effects of the ratio estimate factors were reflected back into the sampling \
rates to reduce the variability of th2 weighting. -

»
v
¢

Sample Selection Process

. The first stage PSUs were selected with probability proportionate to the
overall measure of size (the aggregate number of energy audits in the PSU).
7 Wlthin the sample PSUs, the EA cases were classified by institution type and a
systematic sample was selected. A random start was used in drawing the sample

and the within sampling rates were used as the sampling intervals.

ECM Evaluation: Site Visit Sample = - )
’
The sample design for this activity parallels that for the EA aud it
___evaluation. The first stage PSUs used for this activity were identical with
those selected for the EA evaluation described in the previous section.

.n

-
A~
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The universe counts of completed cases in the E(M program for the 10 sample
sites was approximately 400.- Of these, 150 were selected for site visits
using exactly the same approaches as for the EA evaluation (use of within PSU
sampling rates to achieve the goal of having the product of these rates and
the PSU selection probability a constant, where feasible). Institutions that
were large in size (250,000 sgq. ft. or more) or had.a large grant amount
($200,000 or more) were included -with certainty. ’

In each of the 10 sample States, the remaining cases were stratified accord ing ~
to the following institutional characteristics: .

. : o, ‘
. factor Level
« . ' -
Size 1. Less or equal to 37,500 sq. ft.
. 2. Greater than 37,500 sgq. ft.
Grant Amount .1, Less than or equal to $50,000 ¢
2. Greater than $50, 000
Institution Type Elementary or secondary school
niversity
Hospital

" ECM Type(s)

o Building envelape (E).

Mechanical (M)
Lighting (L)
Special ($)
E+M

Pt gk pd i et P ’
GRWNEOOVRINI AWNE W
mgMmMmMeZIMm

+ + 4+
Z2rrrXrTnnaronr

+ + + *F +

—~ w o e

+ S . ,j

. a
The methag of probability selection used was an approximation to controlled
selection dh the basis of these factors/levels. This ensured that sample
selection was proportionate to the distribution for each characteristic by
factors/ levels. | f

2

-~

.
*see M. H. Hansen, W. N. Hurwitz,-and W. G. Madow (1953) Sample Survey Methods g4
and Theory, Vol. I, pp. 476-80. New York: Wiley. v

[ 9
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’
Estimation Procedures v

The estimation procedures followed made use of information on the probability
of selection of each sample unit, the number and characteristics of
non-response units, and tne merger of original sample units. The estimates of
sampling variability will be based on -standard estimators “applicable to the
sampling and estimation procedures. |

i

[N

Base Weights

The base weight for each sampling unit is the product of the reciprocal of its
PSU's probability of selection and the reciprocal of its within PSU
probability of selection. |

”~

Non-Response Adjustment Procedures
, e _
The characteristics of the, responding .units and - non-responding units were
determined fram the TA reports and ECM applications. Non-response adjustments
were calculated within cells based on unit characteristics. The adjustments
usad the base-weighted data for the responding and non-responding units, the
factore in each group being the ratio for all units to that for responding

units. .

Merger of Sampling Unit |
During the data collection and analysis sprocess, the previously defined
sampling umit occasionally was expanded. This typically occurred when the
fuel data associated with the original sampling unit was found to be
inextricably combined with other members of the sampling frame as, for
example, when the fuel consumption data for one building in a complex was onl
available indirectly as part of the entire complex's energy records. For suc
cases two weights were calculated: the weight representing the probability of
its selection after adjystment for non-response factors, and a second weight
reflecting the increased 1likelihood of this expanded unit being selected
within its 'PSU.  The latter. weight is used for estimatéds of magnitude
wariables (e.g., changes in fuel consumption}; the former 1is applied when
estimates of population (e.g., number of ECMs affecting lighting systems)
units are desired. ' ' ’

Estimates T

Survey estimates are based on resylts for responding units where each unit has
a defined weight: the weight in each case is a product of the base weight and
the nop-response adjustment factor. The weighted responding units are the
entities Ehat are usad for deriving estimates of aggregates, cross-classified
by analytic variables, aggregates, etc. : ‘

; - 135 .
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Estimation of Precision

&

For the weighted sample .of ECM grantees, estimates of precision were
v calculated for three estimates of aggregates--base year total energy
consumption, latest year energy consumptijon, and the difference between base
and tatest year total energy consumption--and for the ratio of the difference
in total energy consumption to base year fotal consumption (i.e., percent
* energy saved). The 90% confidence 1imits for these four estimates are: ’
. “ .

90% Confidehce Internal¥* 4{ -

Estimated Variable Lower Limit Estimate Upper Limited
. ) -
@
(1) Base Year Total - . o
Energy Consumption 14,914,452 39,143,492 63,372,532
(2) Latest :;:Xal | , P
Energy Consumption 11,597,000 33,973,839 56,350,678

(3). Difference Between.
Base Year and

Latest vear\J%o,m 5,169, 653 7,488,721

V' (4) Percent Energy Saved  9.30% -.  13.21% 17.11%

As shown a83s;, the 90% confidence intervals for. the three aggregate energy
figures are fairly wide, reflectipg in part the relatively small sample size.
However, the 90% confidence interval for percent energy saved 1is much
narrower, indicating that the sample was sufficient to pemit a precise
estimate of the relative energy savings attributable to the .ICP. |

. L '

1)

*In mil1ions of BTUs.
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w QUESTIONNAIRES

P

Iwo. basic survey fnstrunents were designed and presented by DOE for OMB
approval: . :

e Energy Aud{t Output~Survey (EAOS) for use in obtaining

<~ ollow-up data from EA institutions

® ,ECM‘Sur.ve,y (ECMS) - for use in obtaining updated cost and
energy use information from ECM institutiogs.

Both EAOS and ECMS were designed to bé used either in a telephone interview or
a site visits ,The.site visit questionnaires, however, contain an add itional
component: a’ walk-through verification of reported energy conservation

‘practices,and an assessment by the site-visit team concerning the

appropriateness and. tne qual ity of ECM installation and maintenance. Pretest
results demonstrated that, with minor modifications, the EAOS coyld be used
successfully to gather the requisite data by telephone; it was aiso used
the field. The ECMS was developed to collect data concerning the impact.of
ECM installation on the energy usage of grantee dinstitutions and their
experience with DOE grant adninistrw/ and was used ultimately as a site--
visit instrument only. ' r .

At the conclusion of the EAOS pretest, the instruments and & supporting
statement were resubmitted to DOE..- After EIA review, the _package was
submitted for OMB approval, ' Notification of thig approyal' was received on

" April 1, 1982.

Program fn the 10 sampied States.

-

INITIAL DATA GATHERING ~ .

Initial data gathering involved . (1) interviewipng DOE Reg ional Offices and
State energy qffjces (SEOs) for adninistrative information and a sense of..
Program perfor%: and (2) simultaneous microfilming of the-documentation for

all ICP phases i which selected institutions ‘had participated. These two ,
operations are discussed in the sections. that follow.® :

State and Reglonal Interviews . S
Objectives. andMProcedures |

Bafore the survey instrunents were made final, members of the év,‘a]uation teams
and officials from DOE Headquarters conducted combined interviews and
briefings of Regional offices and SEOs dnvolved in the administration of the

The purpose of the State administrative process interview (API) was not.only
to gather 'specific historical information on the implementation of the IcP,
but als® to get feedback from SEO personnel on the majer suCcesses and
problems associated with the Program.



The interview sessions served several objectives: ' , .
! - .
's  To brief State and Regional officials on the content and
schedule.of the ICP evaluation activities.

() To solicit administrative support for the ICP evaldation
from various parties. 3~ ,
i *
® To provide DQE rhadquarters with an a‘.lmin'lstrative history
of the first, two grant cycles of the ICP

) In the case ofs Regional mterviews, to discuss
administrative or technical approaches and program
experiences in each of the 10 sampled States in gomparison
to other Stat’es within each Region.

) To verify that the basic eval vation desig{ wis practicable
in each State.

° To understand the viewpoints, needs, and administrative
concerns of Program officials at the local level. 1

° To ascertain local variatiens in Program administration

that could affect the results of telephoge and field visit

. surveys- of institutions participating in the EA and ECM
phases of the ICP.

) To provide a basis for later correlation between State
decisions and actions, and the character and effectiveness
~ of mrk performed at the institutional level.

) To evaluate the canparative effectiveness of d1fferent
. administrative and technical approaches taken in SEOs to
training energy auditors and TA analysts.

. To evaiuate the 1mpact of different ranking fonnu]as and
regulations used by SEOs. - .

The foilowing procedures were followed for contacting State anll Reg fonal
interviewees -and initiating data collection activities.

o DOE Letter to State and Regional Offices--This initial
¢ Tetter sent Dy DUE Headquarters to the.ten State and eight
Regional offices served as an introduction to the ICP
evaluation. Included in the letter was a brief statament on
the selection process of States, and procedures and
preliminaty schedules for data conection activities.

e OS] Letter to State 0ffices--A letter vwas sent to each of
the™ ten State Offices introducing the OSI/Q'SG evaluation
team and outlining detaﬂs for intervidws and daja
collection. ‘

. . o
Ve AN

+
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» | e OSI/TSE Teleg?‘one Contact to SEQs--Each SEO wa$ contacted to
. arrange an 1interview date. so during_ this telephone
" - contact, the evaluation team collected preliminary
‘ information on the status of State files in preparation for
data collection activities.: Information included: total
nunber of EA, TA, and conpléted ECM files; filing systemw and.

accessibility of files; and degree ad type of automated
data files, if appropriate. ~ .
v ; :

e State and Regional Interviews--The State and Regional
Interview feams arranged travel geographically, and arranged
to meet with Regional support personnel prior to visiting
State Offices. The average time spent with administrative
personnd® was 3 to 4 hours. !

o Data Collection-~The 0SI/TSE data collectign team arranged
Tts schedule consurrent with the State and Regional -
interview teams, when possible. .However, data collection
efforts required an average of 3 to 5 days on-site to pull
the sample from the files, microfilm documents, and restore
the office's original filing system. ’

-~

I ! ' )
b Type of Information Solicited

L o . Three majgr categories of
information %ere included in the State API: .

»

1. Resources and Organization

. | e SEO Staffing (number of personnel assigned to ICP,
‘ special training 1n_voivgd,‘ contractors used)

o Administrative Costs (total ICP-related costs, deployment ’
of Federaly funds, source and type of matching funds,
pubiicizing the Program)

» Impacts of Other State Energy Conservation Programs

»

2. .Menagement Policies and Procedures

o FEA Phase (all aspects of auditor training)

T s TA Phase (train11|p and/or qualifications of analysts,
* guidance for TAs.~Tanking criteria used on TA
appl ications)

L o Documentation (report design, treatment of grant
applications, documentation o participation, quality
control) ‘

e | 139 .
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e Monitoring Actiyities (types, findings, follow-up
activities ‘

’o Implementation of ICP (problems and solutions)

4

3. General ICP Experience .

o Successes and /Failures concern.ing institutional
participation, and penetration rates of ICP activities

e Any financial, political, or administrative barriers tg
participation experienced by eligible institutions

| - !

Microfilfling - AN ‘

Objectives

Baseline information was collected from the records of SEOs in the initial

stage of the data collection process. An 0SI/TSG data collection team
microfilmed a stratified random sample of EA forms and accompanying .
information (e.g., correspondence), using a_ random starting point and a
defined sampling interval within each institution type.* The EA and TA
reports and the ECM grant-application were microfilmed for each campleted ECM
case. Where they werj.sayailable, the PEA reports also were copied.

-
4
LN

DATA GATHERING AT INSTITUTIONS o
The sections that follow briefly describe the procedures used to collect EAQS
and ECMS data during site visits, and the activities undertaken in preparation
for site visits. The procedures used to collect telephone survey data are
found in O0SI's report, Institutional Conservation"Prmram: Analysis of the
Impact of the Energy Audit on Selected Tnstitutions. -

, _ .
Conducting Site Visits . "

Y

* Data from visits to 136 evaluation sites--24 EA only and 112 completed ECMs-

-are included in the evaluation. The objectives of the site-visit component
of the evaluation effort were:

*This systematic “sampling revealed some inaccuracles in the estimates of
total ICP population available for -inclusion in the evaluation. . In one SEO,
sampling intervals had to be halved in order to gather a suitable number of
records.. o

**Reduced from an original 188 due to various problems: see Chapter 2.
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.0 Tb ierif .(1) fuel savings and (2) continuance of O3M
procedures; .

e To gather information on (1) costs and savings associated .
wﬁ% specific types of ECMs and specific types of
institutions, (2) technical successes and difficulties
associated with specific ECMs, and (3) adninistrative 7
processes related to Program implementation;

o To determine - (1) the extent to which institutions were
Tnvolved In energy conservation prior to the ICP, (2) what
additional energy conserving .activities could be done,

(3) secondary impacts of program participation on individual
institutions and local communities. v

-

Site visit Organization

The order of States visited was arbitrary and has fmpact on evaluation
findings. Site visits were scheduled geographically within each State,
generally allowing gne Mpl1f day per institution, including travel time. Actual
time spent at an institution was approximately 2 hours. . The following
procedures were used for contacting institutions anl setting wp site visits.

o SEO Contact Call--SEOs were informed by phone of the
Institutions o be visited and the tentative site visit
schedule. The SEO's level of participation in planning and
executing site visits (e.g., introductory contact to
jnstitutions, scheduling -site visits, or accompanying the
evaluation team to institutions) was determined. ‘

® Followup Letter--A letter was €sent to the SEQ0 requesting
verification of institutional data such as contact person,.
grant award amount, total projectf cost, and installed ECMs.
Copies of correspondence aiso were forwarded to DOE Regional..s
support offices. . .

itutional Contact Call-=This first communication with an
ution’s contact described the overall evaluation

. The visit was scheduled ani arrangements were
other involved parties (e.g., the TA analyst, the
buildi eng ineer, and/or maintenance perzonnel) to be

present during the site visit. . j
e Followup letter, Institution--This lett onfimad the
arrangements made Tor the site visit, outlined the specific

types of questions to be asked during the interview, and -
enclosed fuel ~consumption data charts that were to v

- completed prior to the site visit. -
141 < : ‘

as well as the types of information sought during the .(
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In the early’ site visits, respondents were asked by
telephone and letter contact to provide post-EA energy
consumption data for delivery at the time of the visjt.
This procedure was subsequently revised to request that %a
be mailed prior to the visit. By pre-visit analysis of suth
data afong with the EA and TA sources of energy data it
became possible to identify any need for special probing
during thtbisit. In particular, institutions that
disclosed ther particularly high or low consumption
" changes were flagged for more in-depth questioning to
confirm this apparent result and to discover its cause. In
many cases this allowad errors in data to be resolved and/or
provided an opportunity for the respondent to become
involved #h seeing, sametimes for the first time,.what the
rend had been during the recent past. -

e Pre-Travel SEQ Contact--SE0s were called after all site
visits in the State had been confirmed to coordinate travel
arrangements in those States that wished to have SEOQ
personnel accompany the evaluation team, All SEOs were. sent
copies of site visit schedules regardless of their,
participation, as well as copies of the survey instruments
that were adninistered. This enabled the SEO to answer any
questions posed by sampled institutions.

On-Site Procedure oot
Site visits were conducted by a two-person TS6 evaluation team composed of an
engineer to analyze the technital energy conservation applications in an
institution, and a program specialist to raview the qualitative d
adninistrative process details of program participation. In same Statesethe
team was accompanied by a representative from the SE0. On a few visits a DOB
representative was M so in attendance. :

. The institutions that had participated only in the FA phase of ICP were
adninistered EAQOS; the institutions that had completed ECMS were administered
both EAOS and ECMS. Regardless of the instruments used, every site visit had
two camponents, an interview and a building walkthrough. Each generated a
different kind of information: B

¢ Administrative Interview--Administrative processes and grant

procedures, energy congervation activities and attitudes of

building” occupants, verification of fuel consumption data,

schedules and cost modifications of grants, secondary

- impacts of ICP participatfon (e.g. energy conservation
spinoffs within or outside the institution), and general -
attitudes about each mase of ICP participation -

o Building Walkthrough--Yerification of 0&Ms and ECNs,
problem countered with installation and operation of 03Ms
j and ECMs, interface of 08Ms and ECMs with other building
systems, potential for additional 08M and/or ECM efforts.

L4
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THe interview process generally required about one hour of questiohnsuer and
discussion plus another hour of facih‘t{ walkthrough with further discussion.
The sequence of these activities was ept flexible to best fit the varied
circunstances encountered, In most instances the respondent was first met in
his/her office and the walkthrough was conducted last. Many respondents had
invited additional staff members and/or the auditor or technical analyst to be
present. Although a larger number of persons in attendance usually tended to
extend the interview, the qual ity and quantity of available in formation also
seemed to improve. ' ¥

Use of the formal questionnaire was not allowed to structure the interview in
such a way.as to 1imit the range of topics and constructive comments that the
respondent wished to address. By using the questionngire to assure discussion
of at least the formal questions, the group was allowed to cover additiomal
matters as it wished and thus voluntarily contribute to the depth and value of
the interview. This was vital in certain cases. For example, the random
selection process for choosing site visits sometimes selected only one
building out of a group or complex of buildings which the respo t had dealt
with collectively, In such cases the respondent was not always 11 equip
to isolate his comments to that particular building, but ,rather was better
able to discuss the overall program and process from his larger viewpoint.
. Where the interview team's pre-visit study had established the similarities
ﬂ (and differences) of the selected building with the complex of buildings, the
respondent was fwee to convey more useful information than had he been forced
to 1imit discussion to only the specifics of the selected building.,

Site Visits: Preparatory Activities . "

“Focus oj}gjeparation |

“Jhe evaluation team deemed it highly desirable to have obtained maximun
insight into the facility and its history before executing the site visit. In
preparation for each visit, team members reviewed the institution’'s ICP
documents for the following inforpmtion:

e The pre-ICP conservation fmprovements undertaken with other

und ing
o' e, baseline energy consumption of the facility and the
t p&‘of fuels involved @

e ~Some approximate indication of conservation potential
derived from an awareness of the age of the s uctures,
types of materials, general configuration, orientdtion, and
type and hourly schedule of facility use. Add it fonal
information on existing mechanical equipment® and contrel
systems provided the*balance of a minimun store of knowledge
about the facility to be visited.

‘e The 08M procedures recomended for incorporation at the time
of the EA

‘. S o
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® The ¥CMs recommended for implementation, as well ‘as their
- projgcted costs and simple payback estimates

o The general quality of the TA and the EA in\-order to
determine whether thorough, accurate, and complete
analysis was available to the institution.

X

The TA Review

This. pre-visit analysis constituted a "TA Review,” since a TA report was ~
always associated with a comple ECM institution and was always examined.
However, the pre-visit’ review often entailed much more: _ a look at the
institution's EA report, correspondence,”/8nd ECM grant -application, for
example. (0f course, EA-onl{ institutions had limited documentation, and pre=
visit analysis was lgss complex- for them.) '

The TA Review enabled the site-visit team to conduct a more productive
interview. The limited time available at the site (and the desire to keep the
respondert burden to a minimum) dictated that as many questions as possible be
resolved by study prior to travel. Furthe » it was flattering to th
respondent that the evaluators were interested enough to have acquaint
themsélves with his or her facility. Frequently, this produced more
enthusiasm on the respondents’ part and led to a freer exchange of useful

information, .
- s 53
+ The task of reviewing the microfilmed ICP documentation varied considerably
for several reasons. Generally the size of the task was proportional to the s L,

complexity and square footage-of the facility, but- it also—depended———
significantly on the methods used by the particular technical analyst. There
was a wide range of detail provided in the TA reéports and the formats used
were as nunerous as the analysts involved. Particular attention was given to
noting the kinds of ECMs selected for study in the TAs and reviewing the
engineering calcylations that supported such{ analysis. In same cases, the
calculations were nonexistent because a packaged computer program had been
used by the analyst. In such cases even the inputs to the computer program
were frequently dirficult to identify and only computer answers were shown.
In cases where manual calculations were shown, it was often difficult to
explore them due to the lack of explanation of the underlying. assumptions that’
led to the use of a particular path of reasoning. Obvious mathematfcal errors
were noted. - Otherwise, questions were railsed in an effort to aclieve

-t understand ing. "

Follow-Up Site Visits - — R

The purpose of fonow-us site visits was to determine the causes of apparent
Jincreases in energy consumption at selected institutions. Identificatiop of
sites- in this population were determined by thoroughly ‘reviewing both
computerized and field data to correct data errors. Data was thSn analyzed to
determine if energy use increases were due to factors such as_ chafges in
weather, building square fqotage, utilization, and/or energy metering.
Additional review by the evalution team'¥ engineer was conducted to determine

. whether the technical characteristics of the building and its energy .
conseryation activities warranted the original savings projections. A limited
nunber of sites then were ®elected for in-depth technical on-site review.

(' ’ ,
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Procedures for conducting the foﬁow-up site visits paralleled "the procedures
described earlier for ECM site visits. :

-

COMPUTERIZATION AND STog.m OF SITE VISIT DATA
Site Visit Data - '

, ,

+ Three principal kinds of daja were brought back from the field: “checklist®
data, energy use data, a OMB survey instrumedt data. A11 data were
automated. .

]

‘Checklist Data

. Immediately following each sjite visit, the TSG evaluators completed a
\“checklist," which is a sumaty record of their findings and impressions at
each institution. The information recorded

was not.meant to be strictly objective and itative. It was

intended to record their expert judgment on the factord thatappeared to be

contributing to the success or\failure of the ICP's implementatign at that

site. By correlating these impr}\sﬂi{ons with the actual. energy savings at the

institutions, the evaluation sta¥f wgs able to gain insight 1imto these

— 8::ritical_wsg_g:_c_g:gsg~ factors so that DOE and the States can communicate them to
all institutions. ~ .

»

Energy Use Data = (4

»

The site visit team sought energy vse"déa for at least pne year preceding ICP
implementation (i.e., the EA date) and one year following the latest ICP phase
(either EA date, TA date, or ECM operational date) at each institution. The
raw data (gallons of fuel oil, cubic feet of natura)l gas, tons of coal, etc.)
were recorded. The data are organized ;i’pto two periods:

] Basé Year, a period preceding the EA date
o Latest Year, a period following ECM implementation.

A Y

Where a full year of data after ECM impienentatioP was not available, .the
per iods were adjusted to prov jde for comparison of 17ke periods.

Other Survey Instrument Data ’

‘A0S amd ECMS collected not only energ} use information, but also “the
quantifiable responses to many other glestions sabout Program fesults. The
. EAOS and the ECMS responses were incorpofated into the site visit data base at

| 6. o -
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’ ANALYTICAL  APPROACH TO SITE VISIT DATA | p

The ultimate goal of the ICP evaluation’s analytical effort was to determine
the energy savings impact of the program and the factors which contributed to
an' institution's sucgessful performance. Once all data were collected for the
EA and E(M sample, they were adjusted by appropriate weighting factors so that
the final analysis reflects a representative sample of all Cycle I and II ECM
grantees whose projects were completed as so September 30, 1981.

Data Base Processing

2

/ The analysis consisted of the following princlpal procedures:

: r
using VISICALC
type for the /
~a sample

Py e Raw energy data were processed for each si
. software; this produced BTY totals by energ
base year and latest year" (see Figure B.1

VISICALC report). -

o Totals for the raw energy data, alongfwith building
characteristics, administrative and echnical field
observations, were coded for entry into the Statistical
Analysis System (8AS) software. :

t

® SAS was used as the primary analytical tool. Three kinds of
"~ SAS programs’ were used for various parts of the ana]ysis:

- frequency distribution, which displays the number and .
range of values for each variable

- univariate analysis, which calculates sum’s, means, and ‘
other statistical features for each variable ‘

- correlation analysis, which is used to calculate and test
the significancegof relationships between two varHables
’ using linear regression.

o Then the SAS programs were used to produce analyses of the
following types: ' S .

- Energy and cost savings for the entire data base;

- Correlation between” E(M cost, institution size; energy
savings, and cost savings;

™~ - Energyr‘and cist savings comparisons between varirous
subgroups within the data base, including:

ECM recipients and fEA participants ‘ P4
. schools and hospitals




. types of ECMs

groups based on questionnaire responses (e.g.,
respondents answering “yes® or "no” to individusl
questions). . :
These analyses were cond itioned by the following factors: ! -
¢ Weighting fictors desigh® to amplify results to represent

the original- sampling wniverse of Cycle I and II grantees
(see Appendix B for Survey Design). ' '

o Probability factors which determine the significance of
correlations between two variables. .

o Tests used to assess the significance of comparisons between
subgroups such as ECMs/EAs, schools/hospitals, questionnaire
resporsses , etc.

Data generated during the analysis falls\into the three foHowing? categonies:

L J ¢
N
5

' 1. Basic Energy .Data .,

e Base Year Consumption data in million BTU, for:

electricity (source BTU conversion;\‘\
electricity (site BTU conv&sion)
natural gas.

oil

coal -

steam ‘

total (source BTU ﬁpnversion)

total (site BTU coRversion)

[ I S R N R BN N |

e latest year consumption data, as above.

:
s Change in energy consumption (base year minus latest
year) as above, non-weather-corrected. ¥ ]

e Weather-correctad change in energy consumption, as above.
. -
~ @ Percentage change in genergy consumption, as above.

e Weather-corrected percentage change in energy
consumption, as above. '

-~ ( 2. Related Energy Data
» Square foptage
. o ECM total cost .

o Million BTU saved per square foot.

147
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~® ECM cost per million BTU saved. v

o ECM cost per square fopt.

These five variables, plus total change in BTU consumption
and total peréent&ge change in consumption, were tested for
correlation with each other. :

CategoricalyData | A

-

There are three kinds of categorical varigbles:

&

o Institution type (schools. and hospitals for the ECM
sample) . / :

o ECM type (15 types).

o Field uestionnaire respon‘ses--inﬁ udes 56 items from OMB
questionnaires and field checklist

f‘or each of these categorical variables, TSG calculated:
o ﬁe‘ number of institutions in each category.

® Av{ggfe percent energy sayings (weather-corrected,
non-t rected, Source BTU, Site BTU).

e Average square footage.
o Average project cost.

‘Average project cost/r?e foot.

Average project coft/million BTU saved (weather-
corrected, uncorrected, Source BTU, Site BTU).

4
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APPENDIX C
UNDERLYING FACTORS OF THE ANALYSES

Severa]'.assum;;tions, conversion practices, and data adjustments underlie the

analyses conducted for the evaluation. Jhese are described in detail below.
' - ¢

Calculation of Energy Savings o .

Each type of energy used in a facility was first converted to equivalent units
using the British Thermal Unit (BTU) standard. The following formulae were

used for this purpose: /
Electricity: Kilowatt hours (kWh) x 11,600 BTU/kwh = BTUs
\
#2 Fuel 011: gallons x 138,690 BTU/gallon = BTUs

#6 Fuel 041: Gallons x 149,690 BTU/gallon = BTUs

. LPG: . Gallons x 95,475 BTU/gallon = BTUs
Natural Gas:  Eubic feet (Cﬁ} x 1,030 BTU/ft3 = BTUs
Coal: ' Tons x 24,500,000 BTU/ton = BTUs
Steam: Pounds x 1,390 BTU/pound = BTUs

ot

In order to permit proper accounting"% equivalent BTUs for energy consumption
by facilities using remotely generated steam. or electricity as compared fo
conversion on site of measured quantities of a raw fuel (e.g., fuel oil,
natural gas, coal) the following assumptions were used: -~ - .

e Conversion of electricity is based "on an average number of
8TUs expended at the genérating plant to produce and
transnit a kilowatt hour of energy as metered at the user's
faci1ity. This metered kilowatt hour of electricity
provides the user with 3,413 BTUs, but it requifed the
expend iture of 11,600 BTUs at the ‘generating plant. ‘

o Conversion of metered steah includes an assumed average
: efficiency for boiler conversion of raw fuel into the" steam
product. Where a specific boiler efficiency is known, a
mo;? a:gurate conversion of steam to equivalen{ BTUs may be
achieved, - '

7
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Energy savings were calculated for a given facility by subtracting the total
annual BTUs consumed by ‘that. facili in the post-ECM period (latest year)

from its total consumption during the pre-EA period (base year).

Percentage energy saving results were determined by dividing the. above
calculated BTU savings by the total BTU consumption of the base year, and
multiplying by 100: :

% Saving _ Latestjeagagle'u%;rBasesYear BTUs x 100

/ .
Weather Correction- | .

<

Becduse of the limited precision of universally applicable weather correction
methods, it was decided to use original, non-corrected data as the basis for
overall evaiuation. However, weather correction is used in selected cases
where weather. correction assistw in the case analysis or elaboration of
specific points. In such cases, the correction was based simply on adjusting
the latest year (post-ECM) consumption by the ratio of the total recorded
degree-days of the base year {pre-energy audit) to that of the latest year
(post-ECM). The simplicity of this -igmores many factors but generally -
provides a degree of correction to the results that is at least in the proper
direction, if not always of the precise magnitwde
Y

Barrel of 011 Equivalgnt , ' ) | .

* L

sometimes, total BTU savings are translated to Barrels of 011 Equivalent
(BOE). This is done for ﬂlustrative purposes only. Actual energy.savings
included a mix of raw fuels. \

Since a major goal of ICP was to reduce national oil dependence, comparison of
energy savings to BOE is' useful to illustrate the hypothetical impact on o+l
. usage. Within the ICP the total heating o011 reductions in BTUs exceeded the
total of all BTU savings. This occurred because of the large number of fuel
conversiohs from oil to gas which did not necessarily produce BTU savings, but
did reduce oil use. The conversign to BQE -is based on the standard measure of
42 gallons of oil per barrel, with a total content of 5.23 milljon BTUs per
barrel (bsed on DOE/EA pubHshed figurks for consumed heating o0il in the
1981-82 period). :

!
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Energy Cést Sayings Calculatfons

: Energy cost savings were calculated on a non-discounted basis (i.e., energy
. savings in BTUs were valyed at 1982 average national energy prices). These
. prices were then assumed to remain constant. Increases or decreases in energy
~.  prices, or discounting of futire cost savings could change payback and related
financial calculations: ) ' -

Cost Effectiveness of ICP at ECM Institutions

Cost effectivéeness of ,the ICP at ECM institutions is defined as the total
dollars spent for ECMS divided by the ¢otal savings in millions of BTUs
occuring at those institutions. - This also includes savings at the ECM
institutions which resulted from 0&M actions recommended by the EA, as well as
any additional energy saving actions. However, the available energy
consumption data d es-no& permit adequate segregation of these contributing

factors. ‘ :
N _
It is assumed that the federal “dollar participation in the ECM institutions
averaged 50 percent of the total dollars spent. Thus, the cost effectiveness
of federal dollars is assumed- to be twice that of the total project's cost -
effectiveness. . ’ -

*
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o ~  APPENDIXD v
GLOSSARY
N APl Administrative Process Interview. This questionnaire was
| ' administered to personnel at. State Energy Offices as a preliminary to
$ fieid ond. telephone work.
DOE - U.S. Department 6f Energy ) ’
"EA An Energy Aud it perfomed with ICP funds, and the second

data-gathering phase.of the program. Audits conducted. under other
~ programs are, referred to as energy audits, not EAs.

EAOS Energy . Audit Dutput Survey. An OMB-approved questionnaire
- administered to institutions that participated in the EA phase. EADS
i: bei?g adninistered to institutions over the telephone, and at all

site visits. .

ECM r%y COnservotion Measure, a major capital expenditure underwritten
Icp funds for the purpose of energy conservation.

fon Measure Survey, An OMB-approved questionnaire °

ECMS Energy Cons

administer institutions that have c¢aompleted the ECM phase of
ICP. ECMS waS adninistered during‘ site visits.
HVAC J ‘Heatinq, ventilating and air conditioning (describes an air handling
. system).
Ice Institutional Conservation Program .

Don(s) Operating and Maintenance Procedures undertaken for the purpsoe of
energy conservation

L]

0SI Opportunity Systems, Inc. the prime contractor for the ICP
evaluation, : &

PEA Preliminary Energy Audit, the first data-gathering ‘phase-of the ICP.

SEOQ State Ener?y Office. Althou?h the names may vary, each of these
State offices is responsibie for oversight of energy-related

. activities. | | )

TA Technical Analysis, an assessment performed by an engineer or other

qualified professional with ICP funds for the purpose of recommending
~ the best ECMs for a specific institution.

TS6 The Synectits group, .Inc., the su?contractor for the ICP evaluation. .

-
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